


Institutional Archive of the Naval Postgraduate School 





Calhoun: The NPS Institutional Archive 
DSpace Repository 


Theses and Dissertations 1. Thesis and Dissertation Collection, all items 


1997-03 


A survival analysis of the tanks and voids on 
USS John F. Kennedy (CV 67) and USS 
Enterprise (CVN 65) 


Cordon, Charles R. 


Monterey, California. Naval Postgraduate School 
http://ndl.handle.net/10945/9047 


This publication is a work of the U.S. Government as defined in Title 17, United 
States Code, Section 101. Copyright protection is not available for this work in the 
United States. 


Downloaded from NPS Archive: Calhoun 


Calhoun is the Naval Postgraduate School's public access digital repository for 


(8 DUDLEY research materials and institutional publications created by the NPS community. 
«ist sae Calhoun is named for Professor of Mathematics Guy K. Calhoun, NPS'‘s first 


INN KNOX appointed — and published -- scholarly author. 

| LIBRARY Dudley Knox Library / Naval Postgraduate School 

411 Dyer Road / 1 University Circle 
Monterey, California USA 93943 





http://www.nps.edu/library 


NPS ARCHIVE 
- 1997,03 
CORDON, C. 


NAVAL POSTGRADUATE SCHOOL 


Monterey, California 





THESIS 


A SURVIVAL ANALYSIS OF THE TANKS AND VOIDS 
ON USS JOHN F. KENNEDY (CV 67) 
AND USS ENTERPRISE (CVN 65) 


by 


Charles R. Cordon 


March 1997 


Thesis Advisor: Lyn R. Whitaker 





| Thesis Approved for public release; distribution is unlimited. 
C754629 


NAYAL POSTGRADUATE SCHOOL 
MONTEREY CA 93943-5104 


DUDLEY KNOX LIBRARY 
NAVAL POSTGRADUATE SCHOOL 
MONTEREY, CA 93943-5101 





REPORT DOCUMENTATION PAGE 


Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, 
gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this 
collection of information, including suggestions for reducing this burden to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson 
Davis Highway, Suite 1204, Arlington, VA 22202-4302, and to the Office of Management and Budget, Paperwork Reduction Project (0704-0188), Washington, DC 20503. 


1. AGENCY USE ONLY (Leave Blank) 2. REPORT DATE 3. REPORT TYPE AND DATES COVERED 
March 1997 Master’s Thesis | 


4. TITLE AND SUBTITLE 5. FUNDING NUMBERS 
A SURVIVAL ANALYSIS OF THE TANKS AND VOIDS ON 
USS JOHN F. KENNEDY (CV 67) AND USS ENTERPRISE (CVN 65) 









6. AUTHOR(S) 
Cordon, Charles R. 





'7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 
Naval Postgraduate School 
Monterey, CA 93943-5000 


8. PERFORMING ORGANIZATION 
REPORT NUMBER 


9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSORING / MONITORING 
AGENCY REPORT NUMBER 


11. SUPPLEMENTARY NOTES 
The views expressed in this thesis are those of the author and do not reflect the official policy or position of 


the Department of Defense or the U.S. Government. 


12a. DISTRIBUTION / AVAILABILITY STATEMENT 12b. DISTRIBUTION CODE 
Approved for public release, distribution 1s unlimited 





13. ABSTRACT (Maximum 200 words) 









The maintenance of an aircraft carrier’s tanks and voids has a direct impact on ship operability and service 
life. The scheduling of inspections and repair work for these tanks and voids poses a significant problem for 
the carrier maintenance community. This thesis contributes to refining strategy in the repair planning process 
by providing the framework for building comprehensive tank and void database files. To demonstrate this, 
repair history files are constructed for USS John F. Kennedy (CV 67) and USS Enterprise (CVN 65). These 
files consolidate tank and void repair documentation from the myriad of carrier maintenance agencies and 
comprise the most complete database for these ships. A similar database can be developed for all the carriers 
by duplicating this effort. A life cycle analysis of the data reveals that paint coating failure rates are more 
similar among tanks and voids on the same ship rather than among tanks of the same functional type. A case 
study for CV-67 examines model accuracy and predicts the expected number of coating failures at a future 
maintenance period. The lessons learned in this thesis directly supports a follow on study of the JP-5 tanks 
on the Nimitz class aircraft carriers. 






14. SUBJECT TERMS 
Reliability, Survival Analysis, Aircraft Carriers, Tanks, Voids 


15. NUMBER OF PAGES 
108 
16. PRICECODE | 


20. LIMITATION OF ABSTRACT 






















17. SECURITY CLASSIFICATION | 18. SECURITY CLASSIFICATION | 19. SECURITY CLASSIFICATION 


OF REPORT OF THIS PAGE OF ABSTRACT 
Unclassified Unclassified Unclassified 


NSN 7540-01 -280-5500 Standard Form 298 (Rev. 2-89) 
Prescribed by ANSI Std. 239-18 


298-102 





UL 








Approved for public release; distribution is unlimited. 


A SURVIVAL ANALYSIS OF THE TANKS AND VOIDS ON 
USS JOHN F. KENNEDY (CV 67) AND USS ENTERPRISE (CVN 65) 


Charles R. Cordon 
Lieutenant, United States Navy 
B.S., University of the State of New York, 1988 
B.A., University of the State of New York, 1989 


Submitted in partial fulfillment 
of the requirements for the degree of 


MASTER OF SCIENCE IN OPERATIONS RESEARCH 
from the 


NAVAL POSTGRADUATE SCHOOL 
March 1997 





DUDLEY 
NAVAL p 
MONTEREY CA 


ABSTRACT 


The maintenance of an aircraft carrier’s tanks and voids has a direct impact on 
ship operability and service life. The scheduling of inspections and repair work for these 
tanks and voids poses a significant problem for the carrier maintenance community. This 
thesis contributes to refining strategy in the repair planning process by providing the 
framework for building comprehensive tank and void database files. To demonstrate this, 
repair history files are constructed for USS John F. Kennedy (CV 67) and USS Enterprise 
(CVN 65). These files consolidate tank and void repair documentation from the mynad of 
carrier maintenance agencies and comprise the most complete database for these ships. A 
similar database can be developed for all the carriers by duplicating this effort. A life cycle 
analysis of the data reveals that paint coating failure rates are more similar among tanks 
and voids on the same ship rather than among tanks of the same functional type. A case 
study for CV-67 examines model accuracy and predicts the expected number of coating 
failures at a future maintenance period. The lessons learned in this thesis directly supports 
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EXECUTIVE SUMMARY 


The maintenance of an aircraft carrier’s tanks and voids has a direct impact on 
ship operability and service life. Current planning and projected force structure call for a. 
fifty year service life for the Nimitz class carriers and has extended the service life of the 
older conventional fueled carriers beyond original forecasts. Several programs have been 
implemented by the cognizant carrier maintenance agencies to fulfill fleet requirements. 
The Carrier Life Enhancing Repairs (CLER) program was instituted by Naval Sea Systems 
Command specifically to address engineering, repair planning, and reduced maintenance 
costs. The CLER program is directed by Naval Sea Systems Command Detachment, 
Planning and Engineering for Repairs and Alterations, Aircraft Carriers (NAVSEADET 
PERA (CV)). One of the problem areas that PERA (CV) has undertaken within the 
CLER program is the inspection and repair planning process of the tanks and voids. 

Complete documentation of individual tank repair history is paramount to 
improving the tank and void repair planning process. Developing methods to predict 
paint coating failure to augmenting current maintenance strategy requires sustained record 
keeping as well. This thesis provides significant contributions toward these requirements 
by providing the most comprehensive tank and void paint coating database available for 
USS John F. Kennedy (CV-67) and USS Enterprise (CVN-65). History files are 
developed that compile repair documentation retrieved from depot level facilities and 
PERA archives. A template is produced to build the repair history files that maps out the 
carrier availability planning and tank work distribution process within the maintenance 
infrastructure. Using the data gathering methods outlined, similar tank and void databases 
can be constructed for all aircraft carriers. 

A life cycle analysis of the data in the history files is conducted to develop survival 
functions of the tank and void paint coatings. Comparisons of the tank and void groups 
on the same ship and between the two ships are made to examine failure patterns. Results 
of the analysis show that tanks and voids on the same ship have more similar survival 
functions than those of the same group type between the two ships. CV-67 and CVN-65 


are of differing class type and have dissimilar maintenance histories. These observations 


Xill 


pose two important issues towards applying a more structured approach to tank and void 
maintenance planning. First, it requires that ships be on similar repair schedules to remove 
the effect of differing repair histories. Secondly, the use and repair history of the tanks 
and voids on each ship may result in unique failure patterns, particularly when comparing 
ships of differing class type. 

The accuracy of the survival models is tested for the CV-67 tank and voids. 
Additionally, a demonstration of predicting estimated coating failures to aid decision 
makers in the repair planning process is provided. USS Kennedy and USS Enterprise are 
two of the oldest carriers currently in service. A confounding factor limiting the validity 
of the analysis was the inability to recover repair data prior to 1979. CV-67 was 
commissioned in 1968 and CVN-65 was commissioned in 1961. By 1979, both carniers 
had undergone one or more dry docking availabilities, however there is no means of 
accounting for the extent of tank and void work conducted during those periods. Thus, 
the details and impact of the unaccountable work are not included in the history files. 
Consequently, the effect of these missing repairs is over estimation of the coating survival 
rate, yielding an overly optimistic life cycle. 

Positive steps have been by PERA (CV) to acquire historical tank and void repair 
data using the sources referenced in this thesis. As a direct result of the lessons learned in 
this thesis, PERA (CV) has endorsed a life cycle study of the JP-5 tanks on the newer 
Nimitz class aircraft carriers. The study of this critical tank group among ships of the 
same class removes a significant obstacle in furthering the analysis of tank and void 
coating failures. The repair histories for this class ship are very similar and the failure data 
is much more compete. The methods used in this thesis will be applied to that study, 
currently in progress at the Navy Postgraduate School. The cross-ship comparisons of 
failure histories for this class may provide productive fleet wide decision criteria in tank 
and void repair planning. For example, if tanks of the same functional group have similar 
failure patterns, regular inspection and repair schemes can be developed for the entire class 
with resources budgeted accordingly. This would be a major step in reducing undesired 


growth work and unnecessary inspections. 
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I. INTRODUCTION 


The primary mission of an aircraft carrier is to project air power ashore in support 
of national interests. The ability to sustain carrier presence requires a high degree of 
coordination within the operations and maintenance infrastructure. For instance, the 
maintenance of an aircraft carrier’s tanks and voids has a direct impact on ship operability 
and service life. Many facets of ship’s operations require the upkeep and functionality of 
the nearly 1000 tanks and voids dispersed throughout an aircraft carrier. Air operations 
require the stowage, transfer, and distribution of quality jet propulsion (JP-5) fuel. Flight 
deck attitude and trim are maintained by floodable ballast and list control voids. 
Conventional powered (non nuclear) ships are highly dependent on their fuel oil tank 
capacity. These are just a few of the operations that have an enormous dependence on 
this intricate network of tanks and voids. 

Extensive ship repairs are conducted during maintenance availability periods at a 
contracted shipyard facility. These availabilities are dynamic and complex processes 
involving a myriad of both military and civilian agencies. Maintenance availabilities range 
from four month pier side evolutions to two or three year refueling complex overhauls 
(RCOH) in dry-dock. Preservation and repair of the tank and void system have become a 
focal issue in recent carrier availabilities. Rising costs and limited resources necessitate a 
more structured approach to both maintenance planning and system tracking methods. 
Management has responded to these limited resources by mandating a conditioned based 
maintenance policy (CBMP). A CBMP ensures that those systems in most need of repair 
and with the greatest impact on ship’s mission have priority in both planning and | 
allocation of resources. The primary agenda for the maintenance planners is to ensure that 
the repairs scheduled during these availabilities will fulfill the needs of the fleet through the 
ship’s next operational cycle. 

The largest cost element in tank and void repair is the maintenance or replacement 


of the protective interior surface coating (Scalet, 1996). Adequate corrosion and wear 


protection depends on the material condition of the paint coating. Adherence to the 
CBMP assumes that tank conditions are known, and thus informed work is scheduled; this 
is not always true. Past availabilities have documented cases where tanks scheduled for 
re-coating actually have paint coatings that are acceptable for continued service. 
Conversely, tanks not scheduled for repair but accessed to support other work have been 
found to have coating failure. Unplanned or new work (growth work) that results from 
this type of discovery during an availability is performed at a cost two or three times 
higher than scheduled work. 

Current planning and projected force structure call for a fifty year service life for 
the Nimitz class aircraft carriers and has extended the required service life of the 
conventional fueled carriers. Several programs have been implemented by the cognizant 
Carrier maintenance agencies to fulfill fleet requirements. The Carner Life Enhancing 
Repairs (CLER) program was instituted by Naval Sea Systems Command specifically to 
address engineering, repair planning, and reduced maintenance costs. The CLER program 
is directed by Naval Sea Systems Command Detachment, Planning and Engineering for 
Repairs and Alterations, Aircraft Carriers (NAVSEADET PERA (CV)). One of the 
problem areas that PERA (CV) has undertaken within the CLER program is the inspection 


and repair planning process of the tanks and voids. 


A. PROBLEM STATEMENT 


Two of the oldest carriers in the active duty fleet are the thirty-five year old USS 
Enterprise (CVN 65), commissioned in 1961, and the twenty-eight year old USS Kennedy 
(CV 67), commissioned in 1968. Both ships have undergone several extensive overhaul 
periods in their service life. The focus of this thesis is to analyze the maintenance of the 
tanks and voids on these two older carriers. To support the analysis, comprehensive 
history files are developed which consolidate the diverse repair documentation particular 
to each carrier. These files provide the basis for predicting the number of tanks and voids 


with paint coating failure. 


A typical operational cycle between dry-docking repair opportunities is about 
sixty months. Cost, manning, operational restrictions, and safety requirements do not 
allow for the complete inspection of all tanks and voids prior to a scheduled repair period. 
Therefore, to augment a CBMP it is important that the material condition of tanks and 
voids are tracked for each ship and that the data gathered be used to predict future failure 
patterns. This is particularly vital as an aircraft carrier ages through its service life. Older 
carriers such as USS Kennedy and USS Enterprise have a mix of tanks and voids in 
various stages of coating life corresponding to different chances of failure through the next 


operations cycle. 


B. LESSONS LEARNED IN PREVIOUS STUDIES 


This is the third Naval Postgraduate School thesis on the subject of aircraft carrier 
tanks and voids. A thorough examination of the scope of the problems inherent in the 
current maintenance planning methods and procedures can be found in the first thesis by 
LT Cynthia Womble (Womble, 1994). Womble’s thesis stresses the need for an 
inspection methodology and record system to better track and predict the failure behavior 
of tank coatings on Nimitz class aircraft carriers (CVN-68 class). She concludes that 
maintenance planning managers (MPM) are not being provided with the necessary 
information to make well informed decisions about which tanks to inspect and repair at 
each ship availability. 

Efforts to implement an adaptive planning system in response to nsing costs from 
unplanned growth work are addressed in Womble’s thesis. The Tank and Void Database 
(TVDB) was implemented as a step towards correcting this deficiency. Initial 
introduction of the TVDB to the fleet was on CVN-65 in 1992, and subsequently added to 
CV-67 and the Nimitz class as well. Although a fleet-wide master database is maintained 
at the PERA(CV) offices in Bremerton, WA., it does not include data from sources prior 
to its inception. 

Womble provides background information on transition to the Incremental 


Maintenance Plan (IMP) that will be used to schedule repair periods for the Nimitz class 


carriers. A class-wide repair scheduling policy is possible for ships of the same 
architectural design. Older carners (including CV-67 and CVN-65) are scheduled for 
availability periods based on engineering operating cycles that are more particular to the 
class type of the ship. Since the Nimitz class carriers comprise the majority of the U.S. 
carrier fleet, the maintenance community is very interested in developing a class-wide tank 
and void repair plan that can be supported by the IMP. As CVN-65 and the conventional 
fueled carriers (CV-63, CV-64, CV-67) reach the end of service life within the next fifteen 
years, the Nimitz class will be the sole aircraft carrier type in U.S. naval service. 

The second Naval Postgraduate School thesis on this topic, by LT Mark Thornell 
(1996), characterizes aircraft carrier tanks and voids by function, failure mode, deck 
location, and liquid volume contained. He then stratifies the tanks and voids into groups 
and assigns criticality factors to each group reflecting the relative impact of tank failures 
on ship’s operations. Thornell’s stratification scheme is used in this study to separate each 
ship’s tanks and voids into functional groups which provide the basis for compiling the 
repair data for analysis. 

Thornell also develops a preliminary inspection decision model based on each 
group’s criticality factor, coating failure characteristics, and cost of inspection and repair. 
The results of his model shows the cost of intermediate inspections between docking 
availabilities lower overall lifecycle costs compared to the costs that are currently realized 
with an infrequent inspection system. Primarily, cost savings are realized when inspections 
are more frequent because the planning managers will have better foreknowledge of the 
tanks and voids in the planning stage of the availability instead of during the availability. 
This greatly reduces the occurrence of expensive new or growth work. 

Thornell was able to develop survival functions for coating lifetimes of Nimitz 
class carriers using the TVDB. His analysis comparing the tank and voids indicates that 
the coating failure rates of the groups are different. For the newer Nimitz class carriers 
that have not yet had an extended docking availability, the TVDB can provide a 
reasonable record of tank activity. The older Nimitz class, (CVN-68,69,and 70), however, 


have had several docking availabilities and overhauls prior to 1990. Since the TVDB does 
not contain a record of these repair periods it cannot be used as the sole reference for 
developing a life cycle study of the paint coatings. This fact is even more evident for CV- 


67 and CVN-65. 


C. SCOPE OF THESIS 


Expanding on the TVDB to develop a composite record of tank repairs for older 
carriers requires a knowledge of the maintenance infrastructure. The PERA office in 
Bremerton, WA maintains a library of aircraft carrer availability documentation. This 
library was thoroughly searched as an historical resource for tank and void overhaul data 
for CVN-65 and CV-67. Visits were made to the major shipyards to interview tank 
inspectors and planners. From historical records and interviews, missing tank and void 
overhaul data was tracked down. The following chapter discusses the means of tracking 
tank and void repair within the maintenance network and the impact this network has 
toward developing a life cycle study. 

Chapter II gives the specific details and assumptions that were made in developing 
the repair history files for each carrier. While both ships are aircraft carriers, they are not 
of the same class. The USS Enterpnise 1s the first nuclear powered aircraft carrier and is 
unique from the Nimitz class nuclear carriers. USS Kennedy is the last built conventional 
fossil fuel powered carrier and thus its hull design differs from that of a nuclear carrier. 
The differences in hull design create varying functionality in the tanks and voids. 

Chapter IV addresses selection and estimation of survival functions based on the 
data contained in the history files to model the tank and void coating lifetimes. Survival 
functions are compared between ships as well as between tank groups of the same ship. 
Chapter V provides an example of using the survival functions to estimate the expected 
number of tank coating failures for CV-67 between availability periods. In addition, the 
accuracy of the estimated survival functions is compared to actual tank coating failure 


history of CV-67. Chapter VI summarizes the study and provides recommendations. 





Il. TRACKING TANK AND VOID MAINTENANCE 


A comprehensive tank and void maintenance program requires a chronological 
record of the tanks that are opened and the results of those inspected. Each tank history 
should document repair as well as paint dates. To date, there exists no centralized 
database for tank and void maintenance that consolidates repairs from all availability 
periods across each ship’s service life. This fact has impeded developing a life cycle 
failure analysis of the various tank and void groups from historical data. 

Failure analysis of the paint coatings requires identifying tank and void repair work 
to the individual tank level. Tracking maintenance and repair of individual tanks is 
extremely difficult. Since the tank and void repair documentation are so widely dispersed 
along each ship’s history, it is essential to develop a roadmap to localize possible sources 
of data. This chapter documents the progression of events through an availability period, 
from administration and planning to distribution of work. Breaking the process into stages 
allows the identification of repair opportunities and historical coating failure data. It 1s 
intended that this documentation not only serve as background for CV-67 and CVN-65 
history files, but that it also provides a template for constructing similar history files for 


other carriers. 


AS BACKGROUND 


Aircraft carriers are built at Newport News Shipbuilding (NNS), located in 
Virginia. NNS also serves as one of the dry docking shipyards for the Atlantic Fleet 
along with Norfolk Naval Shipyard (NNSY) in Portsmouth, Virginia. Ships often transfer 
fleet assignments within their service life, as in the case of USS Enterprise which has 
transferred from the Pacific Fleet to the Atlantic Fleet. The age of the data sought, and 
the distribution of shipyards where carrier availabilities are performed confound tracing 
historical repair data. In addition, Base Realignment and Closure (BRAC) has resulted in 
a number of public shipyards closing. Among these are Philadelphia Naval Shipyard 


(PSNS) and Mare Island Naval Shipyard. Decreased shipbuilding and downsizing of the 
US Navy force structure along with economic competition has resulted in consolidation in 
the private sector as well. The sole remaining shipyard that can facilitate a carrier docking 
availability on the Pacific coast is Puget Sound Naval Shipyard (PSNS) in Bremerton, 
WA. With each homeport change and shipyard closing, records and institutional 
knowledge of carrier maintenance are lost. 

Aircraft carrier maintenance availabilities fall into three general categories: selected 
restricted availability (SRA), docking selected restricted availability (DSRA), and complex 
overhauls (COH). Tank and void paint coating overhaul (grit blast and re-coat) usually 
requires the ship to be in a dry docking availability period. This limits the majority of 
actual overhaul work of tanks and voids to the DSRA and COH availabilities. SRA 
periods can be effectively used to inspect the tanks and voids and schedule those found in 
need of repair at a subsequent docking period. Each carnier has a planning yard for these 
availabilities; for example, the planning yard for CV-67 is NNSY, and the planning yard 
for CVN-65 is PSNS. 


B. TANK AND VOID MAINTENANCE PLANNING 


Administration and funding of aircraft carrier maintenance resides with the fleet 
Type Commanders (TYCOM). This billet is filled by Commander Naval Air Forces 
Atlantic (COMNAVAIRLANT) and equivalently (COMNAVAIRPAC). Since active 
duty military personnel periodically rotate assignment, it is necessary to have a long term 
civilian component in the maintenance network to keep system expertise and provide 
continuity with the repair facilities: NAVSEADET PERA(CV) fills this role. 

Figure 1 illustrates the tank and void maintenance planning process. Discrepancies 
found through ship’s force and independent contractor inspections are input into the 
onboard Current Ship’s Maintenance Project (CSMP) database via a form 4790.2K (“two- 
kilo”) submission. The results of these inspections should be recorded in the TVDB as 
well. Tank and void work candidates come from authonzed work requests (AWR) that 


are generated based on the CSMP and the TVDB. As a carrier approaches an upcoming 


availability, representatives from the ship and planning agencies hold a work definition 


conference (WDC) to asses and screen work requirements. 
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Figure 1. Tank and Void Maintenance Planning Stage. 


Each carrer has a representative MPM from PERA that is essentially a liaison 
between the ship, TYCOM, and the repair facilities. MPM(s) generally come from Navy 
backgrounds and thus bring a great deal of experience and tenure to the process. The 
MPM and the unit representative from the TYCOM staff coordinate the WDC to 
determine which work is necessary and feasible in the availability and which work will be 
deferred. The CBMP then prioritizes work and alterations. 

The effectiveness of this planning process is impaired when there are no 
documented history on the tanks and voids or no means of predicting the number of 
coating failures. Often, the status of a tank or void, and the degree of repairs to be 
conducted is unknown until it is accessed in the availability. This “open ended” method of 


repair planning is inefficient and costly. Vital budgetary dollars will be spent inspecting 


tanks that are satisfactory while other failures will be missed. Other tanks will be found to 
have coating failure and have to be deferred or result in growth work conducted at a 
higher expense. 

The MPM submits an Integrated Work Package (I[WP) to the TYCOM for funding 
and approval of planned work screened through the WDC. The authonzed IWP 1s the 
contractual document between the TYCOM and the shipyard for the work to be 
performed in the upcoming availability. Once the [WP has been authorized and approved, 


the work can be contracted out to the maintenance repair agencies. 


C. DISTRIBUTION OF TANK AND VOID REPAIR 


Figure 2 maps out the distribution of contracted tank repairs within the shipyard. 
It also provides insight into why a one-source comprehensive database has been difficult 
to establish. Cognizance of tank and void history is not centralized but distributed among 
the large number of military and civilian agencies involved. For example, the majority of 
repairs for CVN-65 since it transferred to the Atlantic Fleet in 1990 has been conducted at 
both public and private shipyards: PSNS and Mare Island, which are public shipyards, and 
SupShip San Francisco (SSSF), a private facility. 
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Figure 2. Distribution of tank and void work inside the shipyard. 
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During availabilities at private shipyards, maintenance may be contracted out, via 
the Supervisor of Shipbuilding (SupShip) to private contractors. In the case of a public 
shipyard, the work may be distributed between the public shipyard’s workforce and 
private contractors if the shipyard cannot fully support the maintenance. Ship’s force 
routinely provide “touch up” repairs and will paint tanks and voids that do not require grit 
blasting. The fact that the work has been so diffuse has prevented developing a repair 
tracking system that aids the planners in efficiently planning and scheduling tank and void 


work. 


D. CONFOUNDING FACTORS IN TRACKING TANK AND VOID DATA 


Methods of compiling tank and void work accomplished have only recently been 
established. Once the data are found, characteristics of the repair documentation and work 
accounting methods must be understood. Knowledge of these elements is central to 
discriminating actual tank and void coating failures and overhaul work within repair 
documentation. Additionally, issues that impact data collection capabilities must be 


considered. 


1. Documentation and Accounting Issues 


Work is aggregated in the IWP under the Expanded Ship Work Breakdown 
Structure (ESWBS) or Ship’s Work Line Item Number (SWLIN). This accounting 
system lists work to be performed at the system level by estimated man-hours and 
estimated cost aggregated over the system, not by individual component. In the context 
of tanks and voids, the resolution of work description is generally at the functional group 
level (e.g., JP-5, fuel oil). Specification of work and costs down to the component level 
(for this study, the individual tank) is held with the unit performing the actual work. For 
example, if the shipyard organization does the work then the information resides in the 
tank work package at the shipyard. Citing actual tank work packages from ten or more 
years back is not possible. Additionally, recovering work reports completed by private 


contractors 1s not possible. 


1] 


IWP(s) do not necessarily reflect the actual work performed in the availability. 
During the course of the dry docking period, scheduled maintenance may be canceled, 
deferred until a subsequent availability, or revised due to new or growth work. Although 
the IWP is a contractual reference between the TYCOM and the shipyard, the docking 
period and the document itself 1s dynamic. Completion TWP and Departure Reports are to 
be generated by the shipyard to account for actual work performed at the conclusion of an 
availability. These documents are not available or do not exist in many cases. Even when 
these documents do exist, they rarely itemize work performed below the system 
(SWLIN/ESWBS) level. For example, rather than list each individual tank these 
documents usually aggregate costs by referencing a particular Job Control Number (JCN). 
The JCN contains the reference to the tank work packages that detail the maintenance 
performed. Resolving this issue returns to the individual tank work packages which are 
rarely kept long term. 

Tank and void material condition repairs may vary in scope. Repairs may range 
from a complete gnit blast and re-coat, to a smaller level of preservation such as a re-coat 
or touch up. The lack of detail in many repair documents makes establishing a baseline for 
coating failures difficult. Additionally, the level of preservation will have significant 


impact on the coating lifetime of a renewed tank. 
pa Data collection issues 


The depot facilities have no mandate to provide long term storage of maintenance 
records for tanks and voids. Within the PERA organization, the ship’s planning manager is 
responsible for the whole ship; tanks and voids are just one system among hundreds. 
Personnel turnover causes a loss of valuable histoncal knowledge at every link in the 
military - civilian maintenance network. Since military personnel rotate to new 
assignments every few years their knowledge does not even extend across sequential 
availabilities. Shipyard inspectors, planners and painters retire, promote, or transfer to 


different departments. If a shipyard database exists (e.g., Automated Planning System 
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(APS) at NNSY), the contents of each database only reflects maintenance since program 
inception. Data from work contracted outside the shipyards is completely untraceable. 

Central to PERA’s approach to the data collection problem is that intrinsically 
(aboard ship) tanks and voids are not treated as a single system. Ownership of the 
various functional groups is delegated to the departments that operate them. For example, 
the fuels division (V-4) controls the JP system tanks while the damage control department 
maintains the damage and list control voids. Shipboard installation of the TVDB is 
intended to correct the lack of standardization in record keeping practices between 
departments, as well as between ships. Unfortunately, the TVDB has not been utilized to 
its potential, and many shipboard inspection results still go unrecorded. 

The result of such a convoluted network and dissemination of responsibility is one 
of the major reasons that there still does not exist a composite database of tank and void 
work. This chapter has addressed the tank and void maintenance process. The specifics 


of developing the history files for each carrier are given in the next chapter. 
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Ot. DEVELOPING HISTORY FILES 


The categorization of tank and voids developed by Thornell (1996) is used in this 
study to partition the tanks and voids into separate functional groups. The commonality 
of fluid volume contained within these functional group provide a basis for structuring the 
history files. Four history files are developed for CVN-65 and three files for CV-67. The 
first two files for each ship contain records for the JP-5 (jet petroleum) and fuel oil 
(standard diesel marine) tank groups. Each tank group is comprised of the entire 
population of tanks that hold a particular fluid. For instance, the JP tank group contains; 
JP-5 service (JP serv), JP-5/Ballast (JB), and JP-5 Overflow/Ballast (JOB) tanks. The 
fuel oil tank group is similarly defined. The third file for both carriers combines the 
damage control (DC) and list control (LC) voids into a single group. CVN-65 Dry void 
and cofferdams are also aggregated into a common group. There is not sufficient data to 
support a study of the dry voids and cofferdams on CV-67. 

It is reasonable to assume that the coating failure rates of the groups are different 
since they are coated with different types of paint and contain different fluids. The JP 
tanks are undoubtedly the best maintained because of their high priority to an aircraft 
carrier's operational mission. Preventive Maintenance Scheduling (PMS) mandates 
periodic inspections of this group, thus they are closely monitored and routinely 
maintained. In addition, the JP-5 tanks are coated with a paint that has a zinc additive, 
which inhibits galvanic corrosion. In contrast, voids are painted with a high build epoxy 
and do not have as stringent a PMS requirement. 

The fluid type also affects corrosion rate. JP-5 and fuel oil are petroleum 
products and are thus natural preservatives. A tank maintained full of JP-5 or fuel oil is 
not subject to a corrosive environment. However, many tanks are filled with sea water 
for ballast as their volume is depleted. Sea water is highly corrosive due to the high free 
chloride content. Seawater compensation, as a practice, in JP system tanks was stopped in 


the 1980’s to preclude problems with fuel contamination and material corrosion. The JP 


system is still subject to contamination from external sources such as replenishment from 
auxiliaries. Because of this, JP tanks are routinely sampled and stripped of contaminants. 
To maintain quality, JP-5 fuel from storage and ballast tanks pass through a purifier prior 
to transfer to service tanks. Additionally, fuel delivered to aircraft refueling stations pass 
through a filter assembly. As a final check, a sample is drawn from the aircraft fuel tanks 
and checked for any form of contamination (particulate or seawater) after fuel delivery. 
List control voids maintain a transient level of sea water as a matter of function. DC voids 
may supplement the list control voids for gross attitude and trim control or alternatively 
may be left dry. Ships use the DC voids differently, depending on design and class type. 
Dry voids and cofferdams are subject to corrosion due to moisture and condensation. 
Finally, the possible exposure to contamination due to leakage from adjacent 


compartments Is a factor in the corrosion of the paint coating. 
A. HISTORY FILE BASIS 


The PERA Manday Summary provided in Appendix A.1 provides the starting 
point for tracing repair history through the maintenance network. This document spans 
each ship’s service life and lists the where, when, and quantity of tank and void work 
performed during availability periods. Each ship must be considered individually because 
of different service age, home-port assignments, planning yards, and repair history. The 
majority of tank and void overhaul work is conducted at a depot level (shipyard) facility. 
Documentation of repair work and accounting procedures vary among the shipyards, 
particularly between the private and a public shipyards. The sources and references used 
to develop each ship’s history files are given in Appendix A.2. Data collected at the PERA 
library and from shipyards were cross-checked for consistency and compared to data 
available in the TVDB. The accumulation of these sources comprises the most exhaustive 
effort currently available towards developing a comprehensive database. 

The history files by group for each ship are provided in Appendix A.3 through 
A.9. The majority of CV-67 repair availabilities where conducted at NNSY with the 
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exception of the 1993 COH which was conducted at PNSY. CVN-65 has a diverse 
history across both the Atlantic and Pacific Fleets. Early availabilities were conducted at 
PSNS and through Supervisor of Shipbuilding San Francisco (SSSF) as listed in Appendix 
A.1. Upon transfer to the Atlantic Fleet in 1990, repair availabilities have been conducted 
at NNS. 


B. HISTORY FILE STRUCTURE 


By consolidating the historical repair documentation for each ship into a 
comprehensive data file a substantially improved record keeping system is attained. As 
new data are added the files can be readily updated in standard spreadsheet format. To 
conduct a life cycle or trend analysis the coating lifetimes must be interpreted from the 
data. The structure of the data files allows for the chronological extrapolation of these 
lifetimes. Coating failures are found by comparing the known conditions that are specified 
at the times annotated in the history files. Tank and void coating failures that are found at 


scheduled inspections fall into censoring intervals. 
1. Determining Censoring Intervals 


Let age ¢,=0 represent the beginning of a tank coating lifetime upon initial 


painting or subsequent grit-blast and re-coat. Initial painting refers to the ships entry into 


fleet service (commissioning). The actual age (f,) when coating failure occurs for a 


particular tank is not known. Failure ages are either right, left, or interval censored. A 


tank or void is inspected or entered for some reason at time (¢, ) and its condition noted. 
If the tank coating is discovered to have failed at ¢; and the then the precise age of failure 
cannot be ascertained. The coating failure age is said to be left censored at age 7) or 
equivalently censored into the interval [0,¢,]. The tank may not be entered again for 
several years (f7 ) to update its status. If the tank coating has subsequently failed within 


[t),¢], then again a precise failure age cannot be ascertained beyond the censoring 
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interval. Right censoring occurs when a tank has not failed over the service life of the 


ship, or has not failed since its most recent overhaul. The coating failure age is then right 


censored coincident to its age at the most recent inspection. | Because repair and 


inspection periods are scheduled at fixed times, failures often fall into the same censoring 


interval. Further details of life data censoring classifications are found in Nelson (1982). 


Example line drawings illustrating the data censoring types are provided in Figure 3(a-c). 
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Example of an interval censored coating failure. In this instance, the age at 
which paint coating failure 7 occurs can only be resolved to be in the interval 
[0, t ]. Note that if a tank has had a coating failure and subsequent re-coat 
then coating age will not be the same as ship age. 
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There are many tanks and voids that have multiple recorded inspections. 
The coating failure was satisfactory at t and found failed at a later 
inspection f, . Similar to the first example, the coating failure age can only 
be resolved to be in the interval [t, ,t]. In this instance the tank history is 
untraceable prior to ¢ 1? and the most optimistic assumption with respect to 
failure rate is that i 0. 


(3c). There are also many tanks that are right censored at the coating age 
corresponding to their last inspection. In this instance the tank coating was 
found to be satisfactory at t,as well as ¢, . 


Figure 3(a,b,c). Common Censoring Intervals found in Tank and Void Paint Coating Failure Data. 


2. Summary Interval Charts 


Figure 4 summarizes the history file for CV-67 fuel oil tanks by depicting the 
number of tanks that failed within an interval or similarly the number that were still 
satisfactory at the end of the interval (right censored). For example, Interval 1 indicates 
that 17 tank coatings failed between the tenth and sixteenth year of service life [10,16], 
with no failures before the tenth year based on inspection history. Interval 5 depicts 3 
tanks that were inspected at the ship’s age of twenty-five years and found to have good 
coating condition. Since the coatings on these three tanks have no recorded history of 
failure in the twenty-five year service life of the ship their lifetimes’ are right censored 


(suspended) at age 25 years. 
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Figure 4. Summary Interval Chart of the CV-67 fuel oil tank group. 
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It is possible for the number of failures to exceed the number of tanks in the group. 
This occurs when tanks of a group have more than one recorded coating failure. Similar 
summaries for the remaining history files are located in Appendix B.1 for CV-67 and 
Appendix B.2 for CVN-65. The intervals illustrated in these summaries are used for 


estimation of coating lifetime survival functions in the next chapter. 
3. Assumptions Made in History Files 


a. A coating failure is assigned to a tank if the results of an inspection 
listed in the TVDB for the tank top, bottom, and sides average condition 3 or higher. 
TVDB entry format is given in Womble (1994) per the Tank and Void Inspection Manual 
(TVIM) by Wheeler (PERA, 1993). 

b. In all cases, if a source document indicates that a tank was 
overhauled then the coating is considered to have failed. 

Cc The length of the censoring intervals for groups are different based 
on functional criticality. As an example, JP-5 tanks have the highest pnority thus 
criticality. The JP-5 fuel system has the most restrictive Preventative Maintenance System 
(PMS) requirements of all the tank and void functional groups (MIP 5420 MRC 18M- 
5/36M-3, October 1995). The result is that time between successive inspections and 
hence the censoring intervals tend to be smaller than those of other groups. Generally, it 
is assumed that overhaul of JP-5 tanks that have been found to have coating failure is 
done at the next docking availability. Deferment beyond the upcoming dry docking 
availability may limit or preclude use of the tank and is therefore assumed not to occur. 
See NavSea Technical Manual (NSTM 542) for material and quality control requirements. 

d. For Damage and List Control Voids, if a failure is indicated, the 
censoring interval is taken to be the age of the void between the time failure was noted 
and the last COH. These floodable seawater voids have high priority on the ship. It is 
reasonable to assume that if there is no indication of repair at the previous COH then its 


coating must have been in satisfactory condition at that time. This assumption is 
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consistent with the PMS requirement for the inspection of all Ballast Tanks and Floodable 
Voids as at least once every seven years (MIP 1230 MRC 84M-1, September 1995) See 
NSTM 074 for material control requirements. 

é. MIP 1230 MRC 24M-2/48M-1, February 1988 directs the 
inspection of fuel oil service tanks every twenty-four months and fuel oil stowage tanks at 
least once every forty-eight months. Similar to the DC & LC void group, the censoring 
interval is taken to be the age of the void at the last COH to the age of the tank when the 
failure was detected. This assumption is made if there is no other documentation to 
support a smaller censoring interval. The criticality of the fuel oil tanks is different on the 
two ships reflecting the major difference in their propulsion systems. 

f No assumptions are made about the dry void and cofferdam group 
since they have a low criticality factor and are inspected infrequently. The censoring 
intervals on this group tend to be the largest due to infrequent inspection and the scarcity 
of documented history. In many instances the coating lifetimes are right censored, in this 


case suspended at the current service life of the ship or last documented inspection. 
4. CV-67 File Specifics 


The CV-67 group history files contain repair code legends at the top of the first 
page for each group. Specifying actual work performed is possible for maintenance 
availabilities of 1983 and later because of supporting documentation. As annotated in 
Appendix A.2, NNSY supplied their Advanced Planning System (APS) database for this 
study. The APS database details actual work package instructions for work to be 
accomplished. Additionally, a copy of the PNSY Tank and Void Status and Work Report 
for the 1993 COH was obtained. This document gives a full description of actual work 
performed by tank number. Further comments on CV-67 file structure follow: 

a. If the APS documentation does not list significant work on a tank 


group for an availability period, then that period does not appear in that group’s history 
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file. For example, the 1989 SRA is listed in the CV-67 fuel oil tank group file but not in 
the JP-5 or DC & LC file. 

b. The last inspection date and condition are taken from the TVDB 
and cross-referenced to the results listed in the PNSY Tank and Void Status and Work 
Report documentation. 


C. Specific documentation, by availability, 1s listed in Appendix A.2. 
>: CVN-65 File Specifics 


The level of detail in CVN-65 availability documentation allows specifying which 
tanks where overhauled within the docking period. It does not contain the level of detail 
in the work breakdown structure as given in the NNSY APS database for CV-67. 
Documentation of sources is given in Appendix A.2. 

a. The last inspection date and coating condition are taken from the 
TVDB and cross-referenced to sources listed in Appendix A.2 for 1990-1994 RCOH. 

b. A comments section is included in the history files (Appendix A.6 - 
A.9) to indicate a specific reference used to make a determination on a particular tank. In 
addition, important assumptions in determining the censoring intervals or other pertinent 
information is included in the comments column. 

c. Fuel oil tanks on CVN-65 are not as critical as they are for CV-67 
since it operates a nuclear propulsion system. At the last RCOH (1990-1994), the fuel oil 
tanks on CVN-65 were converted to higher pnority JP-5 stowage tanks. 


C. HISTORY FILE LIMITATIONS 


No documentation could be found within the PERA library or within the shipyards 
that documents tank and void work performed prior to 1979. Cost accounting by 
ESWBS is itemized by man-days expended and material cost. The PERA man-day 
summary (Appendix A.1) clearly shows a significant level of tank work pnor to 1979. 


Initial attempts to aggregate the man-days and approximate the number of tanks 
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overhauled during an availability period were unproductive. For instance, man-days 
expended during an availability divided by the average number of man-days to overhaul a 
tank approximates the number of tanks overhauled in the availability. Consistent and 
reliable estimates of the average man-days expended to overhaul a tank could not be 
attained. This restricts identification of coating failures to those recorded 1979 or later. 
Approximations based on average man-day expenditures for pre-1979 availabilities are not 
included in the final version of the history files. A further problem that greatly restricts 
inclusion of failures based on non-itemized man-days is the inability to segregate overhaul 
expenditures from other non-overhaul type repairs. Estimating the average number of 
overhauls requires the assumption that all man-day expenditures are for overhaul work. 
This is not a valid assumption. Additionally, the data do not suggest a consistent ratio that 
can be applied to the expenditures to extract overhaul from non-overhaul repairs. 

With the lack of documentation on tank and void history prior to 1979 the history 
files are constructed under the assumption that no failures occurred between 
commissioning and 1979. This is a necessary, but optimistic approach to accommodating 
the data available for these two older carriers. It is optimistic because it effectively 
“allows” a coating to be older than it really is in instances where the tank had a prior 
coating failure and overhaul but no documentation exists. This effect is most pronounced 
in tanks that have coating ages that are suspended (nght censored) at the full service age 
of the ship. With the exception of the dry void and cofferdam group, tanks and voids with 
coating ages suspended at the age of the ship must be considered somewhat suspect in that 
regard. 

The degree to which this lack of documentation impacts the analyses can be gained 
by looking at the PERA man-day expenditure summary. Pre-1979 coating and overhaul 
work corresponds to the first ten years of the USS Kennedy’s service life. Several 
significant expenditures (4368 man-days) are listed in the summary that are not accounted 
for in other documentation. For USS Enterprise, which is an older ship, 1979 marked the 


eighteenth year in service life. The PERA man-day expenditure summary lists significant 
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pre-1979 work (12074 man-days) in tank and void groups and the impact will be more 
pronounced. 

A further obstacle that prevents including pre-1979 work is the advances in paint 
coating technology. PERA has instituted programs to reduce corrosion rates using 
galvanic corrosion inhibitors, improved polymer epoxy paint coatings, and better paint 
application techniques. The goal of these programs 1s to increase the mean time to failure 
(MTTF) in the tank and void paint coatings thus providing a longer service life. 
Differences in MTTF due to changes in coating technology cannot be accounted for 
across the historical data for non detailed work expenditures. 

The impact of not incorporating pre-1979 coating failures and extending the 
censoring intervals to ship’s commissioning date will cause the estimated survival 
functions to over approximate actual coating lifetimes. This must be kept in mind when 


drawing conclusions from the study, as discussed in the next chapter. 
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IV. ANALYSIS 


The repair history files are structured such that the coating lifetimes can be 
ascertained. Each tank or void has its own history that may contain zero, one, or several 
coating renewals over the span of the ship’s service life. The summary interval charts then 
provide the means of aggregating the coating failures within a group of tanks or voids. 
This format lends itself to conducting a lifecycle analysis of the data and provides the 
opportunity to model the survival functions. In this chapter, survival functions are 
estimated for each group of tanks and voids based on these summary interval charts. The 
formulation to estimate the expected number of coating failures within an interval is 
developed for application in the next chapter. Cross-ship and same-ship comparisons of 
survival functions for these groups are discussed, which provide insight into the validity of 
prior assumptions, and give direction for future study. For example, an important result 
that can be obtained from this analysis is whether tanks and voids of the same functional 
type have similar coating failure patterns across different ships, or if the failures are better 


characterized by each ship’s particular maintenance history. 
A. MODELING FAILURE DATA 


There are a variety of methods available to aid in choosing a particular parametric 
probability distribution to model failure data. Standard goodness of fit tests can be used if 
the defining characteristics of the data are unknown or the model is to be chosen a priori. 
Alternatively, if experience or history suggests a particular distribution, statistical methods 
are available to estimate model parameters. Probability distributions commonly used to 
model life and failure data include: exponential, normal, lognormal, and Weibull. Each of 
these distributions possesses properties that capture characteristics inherent in the failure 
data. 

Properties most often compared in reliability studies are the survival function and 


the failure or hazard rate. The survival function is the probability that an item is 


as) 


functioning at any time ¢, whereas the failure (hazard) rate provides a measure of risk 
associated with an item at time ¢. Generally, as a component or system ages with time it 
will become more susceptible to failure as it wears. Therefore, the structural and material 
engineering sciences require a probability distribution with a failure rate that increases with 
product age to model material corrosion or wear-out processes. The exponential 
distribution, with the “memoryless” property, has a constant failure rate and therefore is 
rarely applicable to these types of problems. The normal and Weibull distributions 
however can model data with an increasing failure rate. The lognormal distribution has a 
failure rate that increases initially and then decreases. Lognormal may be applicable to 
wear-out type problems if failures occur early in life, or distribution parameters are such 
that a lognormal is relevant over the range of the data. The lognormal does have the 
advantage that all possible outcomes (lifetimes) are positive. The normal distribution has a 
strictly increasing failure rate but can have negative lifetimes. This may be a problem if the 
mean lifetime is not sufficiently far from zero or greater than three times the standard 
deviation (to preclude negative outcomes). An alternative is to use a truncated normal 
distribution to remove the possibility of negative lifetimes. Nelson (1982) states that the 
popular distribution among engineers is the Weibull distnbution, and recommends trying it 
first in fitting lifetime failure data. 

The Weibull distribution has the advantage of being extreme flexibility in 
empirically fitting data because it has a great variety of shapes. Outcomes from the 
Weibull are all positive, and both increasing and decreasing failure rates can be modeled. 
The Weibull distribution has been found to be the most applicable for modeling wear-out 
type failure, particularly when applied to the strength of materials. These characteristics 
of the Weibull make it very popular among engineers, and is a sound choice for modeling 
the tank and void coating failure data. A bnef summary of Weibull distribution properties 


as detailed in Nelson (1982) is provided in Appendix C.1. 
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B. METHODOLOGY 


The survival functions modeled by the Weibull distributions should capture the 
trends in the coating failures for each group of tanks and voids. The shape of the 
distributions is determined by value of the model parameters. Since the actual value of 
the parameters that define the Weibull distributions are unknown, they must be estimated 
from the data. The accuracy of the models in representing the failure data can only be as 
good as the quality of the data allows. The classic statistical method of estimating 
probability distribution parameters is the method of maximum likelihood (MLE). Detailed 
MLE theory and the Newton-Raphson technique used to estimate the covariance matrices 
for the Weibull parameters can be found in Nelson (1982). Maximum likelihood 
estimation for calculating the Weibull model parameters for the tank and void data is now 


developed. 


1. Maximum Likelihood Estimation of Weibull Model Parameters 


Let tank lifetimes be represented by the random variables; X,,...,Xy, lifetimes 
are independent and identically distributed with distribution F and survival function 
S=1-F, parameterized by@,,0@,,...0,. Maximum likelihood estimation (MLE) is used 
for estimating model parameters for all groups. In the case of interval and nght censored 


- data, the likelihood function (Z) can be expressed as: 


M a 
L(6,02,---9x)= | [F@.)-FG)} L1S@), 


i=M +1 


where the observations are ordered so that X, are censored into the interval [/,, u,] for 
i = 1,...,M and right censored at J, for i = M+1,...,N. Thus, the first 7 observations 
represent tanks that have failed between inspections with corresponding age u,and / 
respectively. The remaining observations represent those tanks that have survived through 


their last inspection period and are nght censored at /,, their age at the most recent 


inspection. The two parameter Weibull has scale and shape parameters (A,x). 


a 





Maximizing the likelihood function or equivalently the log likelihood function 


requires a numerical solution. Maple (Waterloo Maple, Inc.) was used to find the MLE 
N A 
(A,«K) for the two parameter Weibull, with the Newton-Raphson method to obtain 


Fisher’s observed information matrix. The Maple source code for these solutions is given 


in Appendix C.2. An example illustrating the log likelihood function in the vicinity of 


the shape and scale estimates is given in Figure 5. 
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Figure 5. CV-67 Fuel Oil Tank Group log likelihood function. Log likelihood (InL) is plotted 
against the two Weibull parameters (A,x). 


The set of log-likelihood contour plots for all groups by ship are contained in 


Appendix C.3. These contour plots show the likelihood function is highly sensitive to the 


scale parameter 2. On the other hand, the log-likelihood is relatively flat over a wide 
A 


range of K, indicating that the variance of K 1s large. 
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Ze Estimating Confidence Regions for A, « 


Ie IN 4 
Let b =(A,«K) be the vector of estimated parameters, and similarly let 


B = (A,K) be the vector of the true parameters. A joint (1-«) 100% confidence region 
for B is given by (Greene, 1990): 
l mee : 
1B: Fi-a.2y-2 = 5 (b-B ) (Var[b])"(b-B )}, 


where is the p™ quantile of an / - distribution with 7 and m degrees of freedom 


pny 


and Var[b] is the inverse of Fisher’s observed information matrix obtained in calculating 
the MLE. The number of degrees of freedom used in this case is: 7» = 2, the number of 
estimated parameters, and m =r -2, the number of coating failures within the group minus 
the loss of two degrees of freedom from the estimated parameters. Here @ represents the 
level of significance desired in obtaining the confidence region and should not be confused 
with the Weibull parameter for characteristic life, which is also often designated as a. 
Example source code and illustration of the 95% joint confidence regions are provided in 


Appendix C.4. 


c. SURVIVAL FUNCTIONS 


Estimated survival functions and hazard rates developed using the Weibull models 
are plotted in Appendix D for both CVN-65 and CV-67 groups. Figure 6 provides an 
example of these plots for the fuel oil tank group. The reliability (survival) function, and 


failure (hazard) rate are plotted over the expected fifty year service life of an aircraft 
ch mera 
carrier. In each graph, the black line is the function using (A,A) the estimated values of 


(A,«). The blue line plots the survival function using the lower bound for « and the upper 
bound for A from the joint 95% confidence regions. Similarly, the red line plots the 
survival function using the upper bound for « and the lower bound for A. As illustrated in 


Figure 6, the combinations of (A,«) give a worst case (blue line) and a best case (red line) 


l 
scenario for tank reliability prior to the characteristic life Cc = | 
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Figure 6. Survival function and failure rate plots for the fuel oil tanks. 
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The plots in Figure 6 reveal the influence the shape parameter has on the reliability 
and failure rate for the Weibull distributions. Comparing the combinations of parameter 
estimates, a large shape parameter initially gives a higher reliability and a lower failure 
rate. However, the failure rate increases more rapidly with a larger shape parameter. In 
the vicinity of the mean coating life the failure rate with the higher shape parameter will 
exceed that with the smaller shape parameter. This eventually causes the survival function 
with the larger shape parameter to be less than the one with a smaller shape parameter. 
This can be seen in Figure 6 by the crossover of the red and blue lines. 

The accuracy in the estimated parameters for the Weibull models is only as good 
as the span of the censoring intervals. As the time between recorded inspections decreases 
the length of the censoring interval decreases as well. The actual age at which coating 
failure occurs can be more closely resolved as the censoring interval decreases. It follows 
then that the Weibull parameter estimates will be more accurate, and better reflect the 
survival functions as these censoring intervals become tighter. For many of the intervals 
depicted in the summary charts in Appendix B.1 and B.2 the time between recorded 
inspections is ten or more years. A ten year censoring interval represents a very uncertain 
determination from the data as to when failure occurred. 

The assumptions outlined in the previous chapter detail how the data are 
interpreted in determining the length of the censoring intervals. These assumptions result 
in optimistic survival functions because coating failures are not assigned unless they could 
be verified. Preliminary analyses show that increasing the precision of the interval, by 
decreasing the uncertainty as to when failure occurs causes the shape parameter to 
increase and its estimated variance to decrease. This is consistent with the intuitive sense 
that as the width of the censoring interval decreases, the higher the failure rate 1s in the 
vicinity of the interval. Uncertainty is minimized by making the censoring interval widths 
as small as possible. Conversely, if the censoring interval is large, the shape parameter will 
be low since that the chance of failure must be distributed throughout the interval. This 


accuracy of the model parameters and hence the ability to predict coating lifetimes 
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underscores the need for a composite tank and void database encompassing all of the 


ship’s service life. 


D. ESTIMATING THE EXPECTED NUMBER OF FAILURES IN AN 
INTERVAL WITH CONDITIONAL SURVIVAL FUNCTIONS 


Once the survival functions have been determined the conditional survival 
functions and expected number of failures within an interval can be estimated as well. The 
uncertainty in the predictions caused by the variance in the survival functions and positive 
dependence among the coating failures is considered. The formulation for these functions 


are developed here and applied in the next chapter. 


1. Conditional Survival Function 


Paint coatings within a particular group of tanks have varying ages. Tanks with 
older coatings will be more likely to fail in the next operational cycle than those that have 


been painted more recently. Let 7 represent a tank coating lifetime; then the conditional 


survival function, Srirza (t), as defined in Leemis (1995), is the survival function of an 


item to age ¢ that is functioning at age a: 


_PT>t4,T>al_ Siw) 
Strza) =~ per say =Siay? 124 


Thus the conditional survival function has the same shape as the remaining portion of the 


unconditioned survival function at time #, but is rescaled by the factor S(@). 


2 Estimating the Expected Number of Coating Failures 
The expected number of failures between maintenance cycles are estimated from 


the conditional survival functions. For the jth subset of 'V, tanks in a particular group 


with the same coating age a, the expected number of tank coating failures between 


(a, ,t,) may be expressed as; 


Sy 


B[XG,, 7, J=N, 0 Trea (t;)). 
Here, ¢, is the age that tanks in the 7 th subset will be if they survive to the end of 


the interval. Summation over all subsets within a group yields the total expected number 


of tank failures in that group; 
E[X]= 2, E[X(q;,t;)]. 
i 
Further summation across all groups for the ship will give the total expected number of 
tank and void failures between docking repair availabilities. 
The variance of the predicted number of failures is found with the assumption that 


the X(a;,t;) are independent and follow binomial distributions. Thus, the variance of the 


prediction for each group may be found by summing: 


Var X] = > Var X(@,,1,)] = ON, Srirze, (t, 1 - S29, (,)) 

The standard deviation is the Pears root of the Saiience 

These standard deviations are biased low for two reasons. They do not take into 
account the variance of the estimated survival function and more importantly they are 
biased on the assumption of independence of coating failures between tanks. It is 
plausible that tank coating failures are positively dependent. Dependence in tank coating 
failures may be realized in the observation that overhaul repairs are frequently scheduled in 
clusters about the ship. Although Thornell (1996) addresses tank location in his 
stratification scheme, this attribute has not yet been significantly studied to quantify its 
significance to the tank and void problem. Clustering of repairs may be purely an 
ageregate scheduling device employed in the current planning process (i.e., repairing 
sections of the ship at a time) because other parts of the ship may be inaccessible for other 
reasons. Conversely, the clustering of repairs in a section of the ship may indicate that 
tank failures are related to location. Since it is infeasible to inspect all tanks within an 
availability due to the large number and resource limitations, quantifying the dependence 


in coating failures based on environmental or physical location factors is difficult. 
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The increased variance in the binomial assumption due to positive dependence will 
cause the prediction estimate to be less certain. Long term, thorough record keeping that 
tracks coating failures and overhauls will better distinguish the degree of positive 
dependence. Correlating area failures among ships of the same physical design type (i.e., 


Nimitz class) may provide valuable insight to the significance of the location factor. 
E. COMPARISONS 


Comparisons can be drawn regarding the survivability of like functional groups 
across the two carriers. The question of interest in these comparisons asks, “are the 
coating lifetimes in tanks of the same group modeled by a common survival function?” 
For example, if observed lifetimes from CV-67 JP-5 tanks can be modeled by the same 
distribution parameters as the JP-5 tanks on CVN-65, then there are potential fleet-wide 
implications regarding scheduling their repair. In this study, the two carriers are of 
different class type, but nonetheless the comparisons may be considered relevant towards 
developing inferences on the tank groups at the functional level. Alternatively, 
comparisons among tank groups of the same shtp may be made that more closely examine 


tank usage and repair history factors that are specific to each ship. 


IP Methods for Comparing Survival Functions 


Lee (1992) provides methods for two sample comparisons of Weibull distributions. 
Initially, it is sufficient to test whether the shape parameters are significantly different 


Cz K, =«,) . Two sample shape parameter tests are conducted using the F test, or 


equivalently the confidence interval for K , /K, : 


“A AN 


K 1 K ] 
Fy g/2.2r 1.272 ? F122 1272 |? 
A 


A 


2 Ka 


34 


where 7, and 7, are the number of failures in the first and second sample respectively. If 


the interval contains one, then the null hypothesis that the shape parameters are the same 
cannot be rejected. If this hypothesis is rejected, it is not necessary to test the scale 
parameters and it can be concluded within the tested significance that the distributions are 
not the same. If the hypothesis test for the shape parameters is not rejected then further 


tests are required. 


The Weibull++ software package (ReliaSoft, Inc. 1994) was uSed to test the 


hypothesis on the shape parameter. The test uses the statistic p, which is the estimate of 
P(X >Y), where X and Y are independent random variables from each of the two 


Weibull distributions. The algorithm used by Weibull++ to compute D was developed by 


Brown and Rutmiller (1973). For Weibull distributions with the same shape parameters, a 


P(X > Y)= 0.50 implies the two distributions are the same. 
pap Cross-ship Comparisons 


Tables 1 and 2 summarize the estimated model parameters for the group survival 


functions by ship. From these tables the cross-ship and same-ship comparisons will be 


Group A K 
[95% Cl] [95% Cl] 
Fuel Oil Tanks 0.0453 , 0.0483 5.55 , 8.27 19.97 


[estes [nes tcnl aoa ee 
JP-5 Tanks 0.0409 , 0.0521 1.24 , 2.16 19.19 
Control Voids 0.0380 , 0.0432] | [1.22 , 2.79 21.83 


Table 1. CV-67 Estimated Parameters with 95 percent confidence intervals (CI). 


made. 











Estimated 
Mean Life (years) 
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Estimated 


Group A K 
(95% CI] [95% CI] Mean Life (years) 


‘eosoirets [out soual waa] ae 
Fuel Oil Tanks 0.0289 , 0.0345 1.43 , 3.36 27.96 
estes | ottstsen| asf tsa| ss 
JP-5 Tanks 0.0327, 0.0341 217 22.55 26.53 
Cowie [wots Sosa| not“tea| sexe 
Control Voids 0.0330 , 0.0354 1.04 , 1.92 26.44 
Seis [oat sows |e Sen| ae 
Cofferdams 0.0331 , 0.0335 3.85 , 5.47 27.46 


Table 2. CVN-65 Estimated Parameters with 95 percent confidence intervals (CJ). 





Hypothesis tests at a five percent level of significance are tabulated in Table 3. The 


Weibull++ software package fails to reject the null hypothesis that the distributions are the 


same for 04< p < 0.6. From Table 3 it can be seen that the difference in shape 
parameters for the fuel oil groups is so large that it is immediately inferred the two models 
are different. For the JP-5 group the resulting confidence interval for K oye, /Koynes > 
[0.536, 0.950] , is close enough to one to merit the second test. The second test for 
model comparison using the Weibull++ software was used and the conclusion was the two 
models for the JP-5 groups are different, ( A evn. 65 = 0.0334, A cv-e7 = 0.0465). Table 3 
shows that the shape parameters for the DC void group are the most similar of the three 
groups. The conclusion for the DC void comparison is that the failure distributions for the 


two ships are not significantly different. 


Initial Test 2° Test 


Groups K K F-Test A Conclusion 
compared CV-67 NINES interval P 
Nile A Pc PY al es 
(2.04, 4.18) 
(0.54, 0.95) 
Liked A A tl 
(0.95, 1.85) 


Table 3. Results of Two Sample Comparisons (Cross-ship). 
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Cross-ship comparisons of like groups listed in Tables 1 and 2 show that CVN-65 
mean lives are greater than those on CV-67 in all cases. Since the two carriers are of 
different classes, one nuclear and one conventionally powered, we would expect their 
group survival functions to reflect operational and functional differences. The most 
dramatic difference is in the fuel oil group that most characterizes the structural 
differences in the two carriers. The mean life of CV-67 fuel oil tanks is eight years less 
than CVN-65 and has a much higher failure rate. This illustrates the functional differences 
in the way the ships use these tanks. The fact that CV-67 would have a greater usage for 
fuel oil tanks is characterized in that group’s survival function. In fact, CVN-65 uses fuel 
oil tanks only to fuel other ships in the carrier battle group, thus its volume is less 
transient, resulting in less seawater contamination. As a result of the low priority fuel oil 
tanks on CVN-65, the tanks were converted to highly critical JP-5 storage tanks at the 
last COH. 


3; Same-ship Comparisons 


The comparisons of groups on the same-ship yield survival functions that are much 
more similar than cross-ship. Mean life for CV-67 groups average 20.33 years and mean 
life for CVN-65 groups average 27.10 years. Thus average group mean lives are very 
similar within the same ship but differ by seven years across ship. This observation 
supports the conclusion that the use and maintenance history of the tanks and voids on 
each ship may result in unique failure patterns. This may be particularly true for ships of 
different class type. Undoubtedly these estimates are high as a result of the inability to 
include pre 1979 repairs, giving an overly optimistic survival rate. This effect is more 
pronounced in CVN-65 group means because by 1979, USS Enterprise had undergone 
several major availabilities which had included significant tank and void work. It can be 
reasonably assumed that the inclusion of the pre-1979 repair data would lower the group 


means within ships as well as cause the group means between ships to be more similar. 
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F. SUMMARY 


Coating failures will be most likely be found during a maintenance period, 
regardless of the group. Therefore, all tank coating failures are clustered about the 
intervals corresponding to these periods, particular to each ship, causing mean tank lives 
to be similar within tank groups on the same ship. There are important implications of this 
result for the data analysis. To minimize the influence of differing repair histories, 
comparisons should be made between ships on similar repair schedules. For example, the 
newer Nimitz class aircraft carriers follow a much more structured repair schedule under 
the Incremental Maintenance Plan (IMP), in which the operational cycles between 
maintenance availabilities will be the same for all ships. Thus the intervals between 
inspections for the tank and void groups will be similar for ships of the Nimitz class. An 
analysis of the tank and void coating failures on the Nimitz class will provide a better 
indicator of whether coating failures are unique to each ship or are group/location related. 

Ultimately, the goal in the systematic progression of these studies is to give 
guidance to decision makers in determining maintenance strategies for the tanks and voids. 
The next chapter provides an example application of the CV-67 tank and void survivor 
functions as a predictive tool in estimating the expected number of coating failures at 


future availabilities. 
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V. CV-67 CASE STUDY 


The methodology developed in the last chapter is now used to analyze tank failures 
for each functional group and to evaluate a proposed repair schedule. Having a predictive 
tool to estimate the number of tank failures can provide a great benefit in both short term 
and long term repair planning. In the short term, resources (dollars, time) needed for each 
tank and void group for the next docking period can be approximated. In the long run, 
the distribution of tank and void failures over the lifetime of the ship can be estimated 
under various maintenance schemes. These estimates can be used by the planning agencies 
to schedule repair and inspections. 

In this chapter use of the survival functions is demonstrated for CV-67. The 
accuracy of the survival functions are checked against the known group histories to 
compare how well the models fit the data. Although the missing data and the resulting 
assumptions necessary to construct the history files limits the accuracy of the models, the 
demonstration shows the value of pursuing these predictive methods. The availability 
schedule obtained for CV-67 from PERA(CV) as of October 1996 lists a DSRA in 
October 1999 (2000) and a COH in January 2002. The expected numbers of tank coating 
failures by group are calculated in the interval between the last availability (1994 COH) 
and these next two docking periods. These computations take into account the most 
recent observed condition of each tank. 

Since USS Kennedy is beyond the midway point in her service life, alternative 
options can be considered. In particular, maintenance planners will want to know how 
many tanks to fix and when to plan to repair them. Cost considerations and the need to 
maximize the impact of budgetary dollars encourages minimizing the number of overhauls 
late in service life. A reasonable question for the planners to ask is, “What are the 
chances that tanks that are overhauled survive the remainder of ship’s service life?” 
Ideally, a tank overhauled late in service life will last until the ship is decommissioned. 


Some hypothetical repair scenarios are examined and these issues addressed. End of 
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service (EOS) for USS Kennedy is approximated as 2008 based on a forty year service life 


for conventional fueled carriers. 
A. CALCULATING CONDITIONAL SURVIVAL PROBABILITIES 


The formulation for the conditional survivability function developed in the last 
chapter is referenced to calculate the estimated survival probability. For example, in 1994 
there are three fuel oil tanks that are of age a = 25 years. To survive to the next DSRA in 
year 2000, these tanks need to survive past age ¢= 31 years. Thus, the chance that a tank 


in this group will survive to the next DSRA is estimated by: 


S(31) _ 2.10x 10° 
S(25) 520x 10” 


where 5S is the estimated survival function for the fuel oil group found in the previous 


S T\T>24 (31)= 


chapter. 
The summary charts in Figure 4 and Appendix B give the various lifetimes of tanks 


within a group. Within each summary chart are intervals containing tanks with surviving 


paint coatings of varying ages (a;). Table 4 provides the conditional survivability 


calculations for each interval. 


DSRA at year 2000 COH at year 2002 


“A 





Table 4. Conditional survivability calculations for paint coatings surviving at age a;. Results for 
the next two dry docking periods are tabulated, [1994,2000] and {1994,2002]. 


From Appendix A-3 it can be seen that the remaining 126 of the 129 fuel oil tanks 


currently have tank coating failure. An immediate conclusion from Table 4 1s that the 
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remaining three fuel oil tanks that are twenty five years old in 1994 will likely fail in the 
period [1994, 2000]. We note that it is important to condition on the last known age of 
the tank. For example, the conditional survivability of a JP-5 tank to fifteen years given 
that is has survived nine is estimated by s TIT29(15)= 0.73, where as the estimated 
unconditional survivability is s (15) = 0.58. By not taking into account the time a tank 
has survived, the chance that the tank will survive until the next availability is substantially 


underestimated. 


B. CALCULATING THE EXPECTED NUMBER OF COATING FAILURES 
AT AN AVAILABILITY 


Conditional survival probabilities calculated in Table 4 are used in Table 5 to give 
the estimated expected number of failures for each interval class that contain surviving 


tanks. Values are listed for the next two repair availabilities. 


Estimated Estimated Estimated Estimated 
Interval | E[-X(a;,t;)] E[X] E[ X(a;,t;)] E[X] 
(i) + std deviation + std deviation 


JP-5 ee 5 15.0 19.9+5.3 
|e 2 | 
oP 

| 6 | 386 | 106 +36 14, 

Estimated 


expected failures 28.7+ 8.6 37.0+ 9.1 
+ std deviation 


DC/LC 


2 
3 1.4 

2.9 

7.0 

3.6 


4.1+3.8 





Table 5. Estimated expected number of coating failures of tanks over the period (a; ,f;). 


Table 5 shows that 28.7 tanks are expected to have coating failure in [1994,2000], 
with an additional 8.3 coating failures in [2000,2002]. The estimated expected number of 
failures at the year 2002 COH for the fuel oil group is lower than expected because there 


is no further accumulation in failed fuel oil tanks. A graphical summary of the results 
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tabulated in Tables 4 and 5 are provided in Figure 7. Coating failures at the 1994 COH 


represent the actual number of known failures within each group at that time. 


CV-67 Cummulative Group Coating Failures at Year of Availability 






1894 COH 
EJ 2000 DSRA 






100 [}2002 COH 
Number of 30 
coating failues 60 
40 
20 


Fuel Oil 
n=129 


Figure 7. Summary coating failure chart for CV-67 groups. 


It is important to recognize that the number of coating failures shown in Figure 7 
for the year 2000 DSRA and 2002 COH are predictions. The actual number of coating 
failures that occur in the operational cycles till these future availabilities will not be 
precisely these values. The uncertainty in the prediction estimates caused by the variance 
in the estimated survival functions and positive dependence in the coating failures must be 


kept in mind when viewing Figure 7. 
C. MODEL ACCURACY 


The estimated number of failures from the fitted Weibull models are now 
compared to the actual number of failures to check the Weibull modeling assumption. 
Comparisons are best done at those times for each group which represent a significant 
trend in the lifetime data) The comparison of the estimated to actual number of paint 
coatings to survive beyond twenty-five years is highlighted. These comparisons are 


reviewed for each group: 


42 





1. CV-67 Fuel Oil Tanks (129 tanks in group) 


From Figure 4, of 129 tanks in this group, all survive beyond the ten year mark. 
Seventeen fail in [10,16], five fail in [10,18], eighty-seven fail in [16,24] and seventeen 
failures occur in [18,24]. Three tanks survive beyond twenty-five years. Figure 8 graphs 
the associated actual and estimated number of tank coatings that survive through the 


represented intervals: 


Number of surviving tanks in Interval [a,t] 


E] Actual 
Ei Estimated 





129 128.4 


[0,10] [10,16] [16,24] [0,25)+ 
Interval 


Figure 8. Comparison of Actual vs. Estimated surviving tank coatings for the fuel oil tank group. 


For this group the estimate of the number of tanks to survive beyond twenty-five 
years is 6.7 which over estimates the actual number of survivors (3). The survival rate 
estimated by the Weibull model appears to be optimistic beyond the mean life (21.8 years), 


but generally appears to capture the trends in the failure data. 
2. CV-67 JP-5 Tanks (66 tanks in group) 


This group has tanks with multiple lifetimes. The intervals containing the original 
tank lifetimes are used to compare actual survival rates with those projected by the model. 
From Appendix B.1, of 66 tanks in this group, five fail in [5,10], forty nine fail in [10,16], 
five fail in [18,24], and their are seven tanks that survive beyond twenty-five years. Figure 
9 graphs the associated actual and estimated number of tank coatings that survive through 


the represented intervals: 
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Number of surviving tanks in Interval [a,t] 


E} Actual 
EJ Estimated 





[5,10] [10,16] [18,24] [0,25)+ 
Interval 


Figure 9. Comparison of Actual vs. Estimated surviving tank coatings for the JP-5 tank group. 


Figure 9 reveals that the model grossly overestimates the number of surviving JP-5 
tank coatings beyond the first interval [5,10]. Only seven tanks of sixty six actually 
survive beyond the twenty fourth year, while the fitted model shows a sustained 
overestimation at the sixteenth, twenty-fourth and twenty-fifth years. This is likely a result 
of the small shape factor for this model (K= 1.70) compared to the fuel oil model (K = 
6.91). Comparing the summary interval charts, the JP-5 group has some early failures, 
while those in the fuel oil group are more clustered about the mean life. Early life failures 
are captured in the Weibull distribution with a small shape factor. In contrast, the fuel oil 
model has a large shape factor to generate a steeper failure rate about the characteristic 
life. The lower shape factor results in a failure rate that is too small in the vicinity of the 
characteristic life and overestimates the survival rate. This is also depicted in the failure 
rate curves for the fuel oil and JP-5 groups in Appendix D. The failure rate curve for the 
JP-5 group is much more gradual than the very steep fuel oil curve. For this group the 
estimate of the number of tanks to survive beyond twenty-five years is 18.1 which over 


estimates the actual number of survivors (7). 


3. CV-67 Damage and List Control Voids (56 voids in group) 


This group also has tanks with multiple lifetimes. From Appendix B.1, of 56 tanks 
in this group, first life coating failures are; thirty two failures at [10,16], and seven failures 


at [18,24]. Seventeen voids survive beyond twenty-five years. Figure 10 graphs the 
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associated actual and estimated number of tank coatings that survive through the 


represented intervals: 


Number of surviving tanks in Interval [a,t] 





[0,10] [10,16] [18,24] 


interval 


Figure 10. Comparison of Actual vs. Estimated surviving tank coatings for DC\LC voids. 


The estimated shape factor for the DC/LC void group is K =2.00. Figure 10 
reveals a similar situation as discussed for the JP-5 tank group but the problem is not 
nearly as severe. The shape factor is a little higher than the JP-5 group and there are no 
early failures. The model initially underestimates the survival probability and then like the 
JP-5 group overestimates the estimated number of surviving tanks at the [10,16] interval. 
For this group the estimate of the number of voids to survive beyond twenty-five years is 
14.1 which slightly under estimates the actual number of survivors (17). This model is 


generally reflective of the DC/LC lifetime data. 
D. MODEL APPLICATION 


A hypothetical repair scenario is examined in this section to illustrate how the 
survival functions can be employed in the repair planning process. The CV-67 fuel oil 
tank group is selected as the repair group candidate. The status of this group has the most 
certainty and the survival function model reasonably reflects historical failure data. 

For the purposes of this scenario it is assumed that the three tanks with coatings 


that survive beyond twenty five years will fail in the interval [1994,2000]. Thus, at the 
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year 2000 DSRA, planning personnel will be faced with the issue of scheduling or further 


deferring tank overhauls for the fuel oil group. There are several options to be considered 


in conjunction with the time and budget constraints of the availability: 


Option 1: Do nothing. Defer repairs to a later availability in favor of higher 


priority maintenance. 


Option 2: Commit resources to repair a fraction of the fuel oil tanks at the year 


2000 DSRA and continue further overhauls at later docking 
availabilities (2002 COH, and beyond). 


With either option there are several issues that also require attention: 


Issue 1: 


Issue 2: 


Issue 3: 


100% of fuel oil tanks are expected to have coating failures by the 
2000 DSRA. 

The 2000 DSRA is a short docking period (10/99-2/00), and may not 
allow for tank overhaul repairs. 

The other groups also have tank failures that may have higher priority 
within the tank and void system, particularly the JP-5 tank group. 


With these issues and options in mind an example repair schedule 1s outlined as follows: 


Overhaul the sixteen fuel oil service (FOS) tanks at 2000 DSRA. The 
FOS tanks having the highest priority within the fuel oil group. 
Overhaul approximately one third (38) of the remaining failed tanks at 
the 2002 COH . This number is chosen arbitrarily, but is reasonable on 
the premise that it is very unlikely that all of the fuel oil tanks would be 
overhauled by the year 2000 COH. This still leaves an estimated 
seventy-five tanks in a failed state beyond the year 2002 COH. 


The methods developed in the previous sections may now be used to evaluate this 


policy. In particular: 


For the sixteen FOS tanks overhauled at year 2000, 
N(8) = (16)(1.00) = 16, therefore all repaired tanks are expected to 


survive to EOS. 
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6 Likewise, for the thirty eight tanks overhauled at year 2002, 
N(6) = (38)(1.00) = 38 tanks expected to survive to EOS. 

With these projections, planners can consider repair choices during the remainder 
of ship’s life. As the ship gets nearer to decommissioning, the decision to overhaul a tank 
has a higher impact on the utilization of resources. For instance, many of the fuel oil tanks 
have remained in service with documented coating failures dating back to 1987. The main 
purpose of the paint coating is to provide corrosion protection of the metal surface. Since 
the fuel oil is a petroleum product itself, it is a corrosion inhibitor. Operational policy with 
the tanks and voids can be changed to reflect material status. For example, in those tanks 
with documented paint coating failures, minimize instances of seawater incursion (ballast). 
Paint coating failure does not imply structural failure but is certainly a precursor. Thus the 
rate of deterioration inside the fuel oil tanks with failed coatings may be slow enough to 
allow extended deferral in favor of higher priority tanks. Consideration of these options 
may allow for repairing a more critical group such as the JP-S tanks. 

The predictive methods demonstrated in this section allow a more systematic 
approach to planning and scheduling repair by giving the maintenance planners more 
insight into the status of the tank and void system. This is a vast improvement over 
current methods that incorporate little learning to enhance the process as the ships age. 
With the history files in place, the survival functions can be continuously updated as new 
data is received. Modeling assumptions can then be assessed and revised to capture the 
characteristics of the coating failures. The reality of a CBMP can be effectively 
augmented to allocate resources and provide decision makers with a forecasting capability. 
Finally, options and scenarios can be assessed using the models to derive lifecycle costs 


which provide the basis for procuring funding. 
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VI. CONCLUSIONS AND RECOMMENDATIONS 


This thesis has provided significant contributions to the progression of study 
examining the tank and void repair process. The lessons learned in this study have led to 
recommendations to PERA(CV) that advance the progress in gathering tank and void 
repair data. Further, a follow on study suggested by this thesis has been endorsed and is 
currently in progress at the Navy Postgraduate School. Ultimately, the goal in the 
systematic progression of these studies is to give guidance to decision makers in 


determining maintenance strategies for the tanks and voids. 
A. CONCLUSIONS 


Comprehensive repair history files for the tanks and voids on USS John F. 
Kennedy (CV 67) and USS Enterprise (CVN 65) were developed which comprise all 
maintenance availabilities beyond 1978. These data files are the most complete record of 
tank and void repair history known to exist. Building this type of database has proved 
very difficult because the documentation is so dispersed across the maintenance history of 
the ships. The methods used to locate the repair data and the assumptions required to 
specify coating failures have been detailed to provide a template for building similar 
databases for other ships. 

The analysis of the data in the repair history files gives important implications to 
modeling tank and void coating failures. The aircraft carriers in this study are of different 
class type and have different repair histones. The estimated survival functions among the 
tank and void groups were more similar within a ship, than those between ships because 
the coating failures are clustered about the repair periods particular to each ship. This 
indicates that to minimize the influence of differing repair histories, comparisons should be 
made between ships on similar repair schedules. Alternatively, the comparisons show that 
the use and maintenance of the tanks and voids on each ship may result in unique failure 


patterns, particularly in ships of different class type. 
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Since all Nimitz class carriers will transition to the Incremental Maintenance Plan 
(IMP), they will be on similar repair schedules. The cross-ship comparisons of failure 
histories for this class may provide productive fleet wide decision criteria in tank and void 
repair and planning. For example, if tanks of the same functional group have similar 
failure patterns, regular inspection and repair schemes can be developed for the entire class 
and resources budgeted accordingly. This would be a major step in reducing undesired 
growth work and unnecessary inspections. 

The techniques used to develop the survival functions tn this thesis provide an 
initial step toward the development of true predictive models. Although it was realized 
that the inability to include pre-1979 repairs would limit the accuracy of the models, a 
valuable demonstration in the predictive capabilities of these tools was demonstrated. 
Record keeping and tracking of tank and void status is a focal issue in the PERA 
organization. Tank and void entry for any reason has been designated as an opportunity 
to conduct an inspection and gather data. PERA’s goal is 100% recording of tank and 
void entries and the resulting inspections into the TVDB. These efforts will reduce the 
length of the censuring intervals and thereby reduce the uncertainty of when coating 
failure occurs. As new data becomes available the models can be updated and the 
modeling assumptions assessed. The overall effect will be a higher resolution in the fitted 


models, providing better input to the maintenance planners. 
B. RECOMMENDATIONS 


The opportunity to examine the potential of the reliability studies conducted thus 
far towards developing class-wide maintenance planning strategy for the tanks and voids 
lies with the Nimitz class aircraft carriers. Repair history files are currently being 
developed for the Nimitz class JP-5 tanks with a similar analysis of the tank coatings using 
the methods detailed in this study. This follow-on study will encompass those Nimitz 
carriers that have undergone extensive docking availabilities (CVN-68, CVN-69, CVN- 


70). These carriers have been in service long enough to have accumulated sufficient 
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inspection and repair history to support a study of the tank coatings. The JP-5 group was 
selected because it is the most critical tank group and accounts for the vast majority of the 
tank and void repairs conducted thus far on this class. In addition, the newer Nimitz 
carriers (CVN-71, CVN-72, CVN-73) tank and void inspection histories recorded in the 
TVDB will be utilized to asses early life coating failures. 

It is not anticipated that the limitations discussed in Chapter III will be a factor in 
this follow on study. Since the Nimitz class aircraft carriers are much younger than CVN- 
65 and CV-67 they have been through fewer docking availability periods, and therefore 
have fewer recorded coating failures and tank overhauls. Additionally, the data on the 
Nimitz class is more recent, has been better documented, and is more readily acquired. 
Resolution of the models and the estimated parameters will be of better quality because 
there should be significantly less ambiguity in the left censored intervals. Right censored 
intervals and coating age suspensions at the service age of the ship will be more valid 
given the age of the Nimitz class ships. Finally, because the repair data have been better 
managed, the censoring intervals will be tighter, allowing for a better fit to the data. 

Complete data sets on the JP-5 tank coating failures and overhauls should provide 
not only an improved estimate of this group’s survival functions but also allow for an 
effective cross-ship comparison analyses. Additional analyses into comparing the extent of 
same tank failures across ships by location may provide insight into the cluster effect and 
failure dependence issues raised in Chapter IV. This process of constructing history files 
and developing survival functions should be repeated for the other tank groups as well. 

As the Nimitz carriers age and go through maintenance availabilities, every effort 
should be made to collect and analyze the failure data. The positive steps implemented by 
PERA toward a fleet-wide comprehensive database have made this possible. Existing 
models can be updated or revised to track and predict tank and void failures. A more 
complex model than the two parameter Weibull may be required to effectively represent 
the lifetime data. For instance, an adaptable model that allows for both an increasing and 


decreasing failure rate depending on lifetime may be more suitable. 
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Another focus of continued study should be in the area of analyzing costing data to 
develop per-tank estimates of depot level manday expenditures. In this way the 
unaccounted repairs listed in PERA records can be incorporated into the models. Cost 
estimation techniques that exist within the shipyard planning divisions, whether public or 
private, were not available for this study. Once the cost estimation relationships are 
known, unit cost models need to be developed for each functional group. Tracking and 
predicting tank failures is just one portion of the whole problem. Projecting costs is the 
other. Together, the survival functions and unit cost models can provide life cycle costs of 
the tanks and voids. Life cycle costs are undoubtedly a focus of concern with the 
TYCOM(s), and project higher profile within the budgetary echelon. 

All efforts to provide a consolidated and comprehensive tank and void database 
should continue. At the writing of this thesis, there is discussion in regard to removing the 
TVDB from the ships because of lack of use. Removing the TVDB from the ships is not 
the answer to that problem. The TVDB will be more optimally used with proper training 
and centralization of responsibility. Effective management of the TVDB will also address 
the compartmentalization issue that prevents the tank and voids from being handled as a 
ship-wide system. Currently, cognizant “ownership” is broken down into the departments 
or divisions that directly operate a particular group of tanks. This causes a lack of 
standardization in inspection and recording. The likely result of removing the TVDB is a 
continuation or increase in missed inspection reports. Unrecorded entries into any tank or 
void have considerable negative consequences. Primarily, they generate the requirement 
for a scheduled inspection at some other time to determine the tank condition. These 
additional tank entries are generally only possible during a docking period and result in 
“open-ended” repair planning because the tank status is unknown. Depot level inspections 
of tanks and voids should be minimized due to the contracted cost. Depot level resources 
are better allocated for the purposes of repair based on previous documented inspections. 
These inspections should be conducted by shipboard personnel as much as possible, within 


the limitations that personnel manning allows. 


By 
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APPENDIX A.2. HISTORY FILE RESOURECES AND REFERENCES 


A.2.1. CV-67 (COMMISIONED SEPTEMBER 1968) 


Ship ESWBS Repair Availability Manday Summary maintained at PERA(CV) 
offices, Bremerton, WA, used as the baseline reference document for determining 
potential data sources. Manday Summary is given in Appendix A.1. Mandays expended 
per ESWBS were cross referenced to available documentation. 


Summary 


e Notes: Tank and void history prior to 1979 COH not found. ESWBS Manday 
Summary notes the following extensive expenditures that could not be tracked: 


e 1974 COH conducted at NNSY: 
e 742 mandays of maintenance on fuel oil tanks 
e 2817 mandays of maintenance on JP-5 tanks 
e 809 mandays of maintenance on voids and cofferdams 


1979 COH conducted at NNSY: 


e 1979 Authorized SARP for CV-67 extracted from PERA(CV) archives, 
Bremerton, WA. 


1985 COH conducted at NNSY: 


e NNSY Automated Planning System (APS) Database. 


e 1985 CV-67 COH Docking Report, Tank Preservation Data, extracted from 
PERA(CV) archives, Bremerton, WA. 


e Authorized Work Package Control Document for CV-67 FY 85 COH, extracted 
from PERA(CV) archives, Bremerton, WA. — 


1987 SRA conducted at NNSY: 


e NNSY Automated Planning System (APS) Database. 


e Tank and Void Repair Status Matrix, USS John F. Kennedy (CV 67), 
NAVSEADET PERA(CV), Bremerton, WA, 1988. 


e 1989 SRA conducted at NNSY: 


56 


e NNSY Automated Planning System (APS) Database. 


e Authorized Integrated Work Package Control Document for CV-67 FY89 SRA, 
extracted from PERA(CV) archives, Bremerton, WA. 


e 1991 SRA conducted at NNSY: 
e NNSY Automated Planning System (APS) Database. 


e Authorized Integrated Work Package Control Document for CV-67 FY91 SRA, 
extracted from PERA(CV) archives, Bremerton, WA. 


e 1993 - 1994 COH conducted at PNSY: 


e USS Kennedy (CV 67) Tank and Void Status and Work Report, Code 378, 
Philadelphia Naval Shipyard, April 7, 1995. 


e Tank and Void Inspection Database, Advanced Revelations Database 
Management, extracted at PERA(CV) office, Bremerton, WA. 


e Authorized Integrated Work Package Control Document for CV-67 FY93 COH, 
extracted from PERA(CV) archives, Bremerton, WA. 
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APPENDIX A.2. HISTORY FILE RESOURECES AND REFERENCES 
A.2.2. CVN-65 (COMMISIONED NOVEMBER 1961) 


Ship ESWBS Repair Availability Manday Summary maintained at PERA(CV) 
offices, Bremerton, WA, used as the baseline reference document for determining 
potential data sources. Manday Summary is given in Appendix A.2. Mandays expended 
per ESWBS were cross referenced to available documentation. 


Summary 


e Notes: Tank and void history prior to 1979 COH not found. ESWBS Summary 
begins at 1970. Extent of tank and void work conducted prior to 1970 unknown. 
ESWBS Manday Summary notes the following extensive expenditures that could not 
be tracked: 

e 1970 SRA conducted at NNSY: 

e 5085 mandays of maintenance on JP-5 tanks 

e 767 mandays of maintenance on fuel oil tanks 
e 1974 SRA conducted at PSNS: 

e 2363 mandays of maintenance on JP-5 tanks 
e 1975 SRA conducted at PSNS: 

e 2574 mandays of maintenance on JP-5 tanks 


e 1979 COH conducted at PSNS: 


e 1979 SARP USS Enterprise CVN-65, Work Package Control List, extracted from 
PERA(CV) archives, Bremerton, WA. 


e 1983 SRA conducted at SSSF: 


e 1983 SARP USS Enterprise CVN-65, Work Package Control List, extracted from 
PERA(CV) archives, Bremerton, WA. 


e 1985 SRA conducted at SSSF: 


e Completion Work Package Control Document, USS Enterprise (CVN-65) FY 85 
SRA 
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e Tank and Void Repair Status Matrix, USS Enterprise (CVN 65), NAVSEADET 
PERA(CV), Bremerton, WA., November 3, 1987. 


1987 DSRA conducted at SSSF: 


e Departure Report, USS Enterprise (CVN-65) FY DSRA Costs, extracted from 
PERA(CV) archives, Bremerton, WA. 


e Authonzed Work Package Control Document, USS Enterprise (CVN-65), FY 87 
DSRA, extracted from PERA(CV) archives, Bremerton, WA. 


e Tank and Void Repair Status Matnx, USS Enterpnse (CVN-65), NAVSEADET 
PERA(CV), Bremerton, WA, November 3, 1987. 


1989 SRA conducted at SSSF: 


e Integrated Work Package Control Document, USS Enterprise (CVN-65), FY 89 
SRA, extracted from PERA(CV) archives, Bremerton, WA. 


1991-1994 RCOH conducted at NNSY: 


e Integrated Work Package Control Document, USS Enterpnse (CVN-65), FY 91 
RCOH, extracted from PERA(CV) archives, Bremerton, WA. 


e Tank and Void Inspection Database, Advanced Revelations Database 
Management, extracted at PERA(CV) office, Bremerton, WA. 


e CVN-65 Tank Paint Schedule (1991-1994 RCOH), NNSY 


e CVN-65 Tank Entry and Work Permits (1991-1994 RCOH), Stu Vreeland, Tank 
Inspector, NNSY 


e CVN-65 Tank and Void work status matrix, (1991-1994 RCOH), Stu Vreeland, 
Tank Inspector, NNSY 


e LT Jeffrey Wilcox, Assistant Damage Control Officer, USS Enterprise, 1992- 
1995. 
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APPENDIX A.3. CV-67 FUEL OIL TANK HISTORY FILE 
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rao] 12311] FO |e7-et77-4-F| 20ct94 | _0_| | | to%badpant(e) | | wR | c |_| (e2a)_| 
SH LSHTL Of eetTT-2E | a7-subse [01 |_| toe bad paint) te} et 
aa] 12311| FO_Jerei7r-sF| wautes| 0.| || —sss— a 
[33] 12311] FO _|er-et774r| iewnes 100 | | | [t6 261] 
faa] 12311 | FO _[67-6-180-4-F | ‘suede | 0 | | -+ | SSCS] Sd CS —SC 2 
fas] i2ati| FO |er-eteo-2r| apse | 0 | | 
se] 12311 | FO _|67-6-165-1F | 250a04 | 0 | ||| ———s—S——] RY RW 2 
a7] izsit| FO | e7-6-165.2F|  SAugos | 0 | [| R | ~~ —~+«<Y—SoR | PR | sR | CC 2) 
rag] i2311| FO [e7-e1es3F | 4Jen-o4 | 1 |_| | 50% badpaint (es) | _UR_| INSP_|_c |_| ioe) _| 
rao} 12311 | FO” [e7-61854F| 16Augoe | 0 | | R |  40%badpaint(@5) |c | |e | | (16,24) _ 
aopaasi1| FO er-e1ss4F | 2rode | 0 | | fd 
faa} 12311] Fo | er-6-1952F| aes | Oo | «i SS—~SSCd 
faz} i2311] FO _[e7-e-20s1-F| Sues | 0 |_| | |_| | sR] 16261] 
faa] 12311] FO [e7-e2052F|  owules | o | | ‘|S SSCS SSS—CSdS SR YC 28] 
fe fvastt| FO of F [este 8] rrr 
ra5[ 12311] FO | 67 761-F | isdens6_| 0] | ‘| SCS Sm PR Cd Cf 28] 
aeLast| FOL | ereTeSE | tewnee Ops | rrr 
fa7[ i231} FO | 67-6-631-F | 13Jen96 | 0 | | PR | 4% bedpaint (1964) | | majPR | WC |_| [16.24] __ 
fas | 12311] FO | 67-8832F | w-Junsa | 0 |_| _R | —————S—S—S Ss iPr] | CC 2a) 
ag] 12311| FO | 67-8-08-1-F | 14Jen96_| 0 |_| INS] 30% bad pamt (6) |_| majPR]_c |_| (i626) 
50|12311| FO | 67-8082F | 1SMeysa | 0 |_| +|.——Sss—CS<CSSdY SS mn PR | CCC 
fsa [12311] FO | 67-8021-F | 2Augos | 0 | | | 60% bad paint (1964) |__| majPR| Cc | | _(10,16]_| 
52] 12311] FO | 67-6922F | 2Augos | 0 |__| | 30% bad paint (64) |__| majPR{ Cc |_| _(16.26)_| 
sa] 12311 | FO | 67-6-97-3F | 25-Aug-4_|_0 | | PR | 40% bad paint (85) | | majPR_| WC |__| [16.24] 
sa] 12311] FO | 67-897-4F | 30Sep-os {0 | | ‘| ——————SC—CSFS—ST ~SS*S~<~S PR | WO | SCS C2) 
[s5[ 12311 | FOB | 67-7-162-3F | _1swulss__| 0 | | |S SSS—CSCSdSCi CdS 27] 
56 [12311 | FOB | 67-7-1624F | 1esursa_ | 0 | | +||@ Ss SC Yt 28) 
rs? | 1231 | FOB | 6r7-1e7-sF | oa-dunS4_ (0 |__| mmm 
5a [12311| FOB |67-7-167-4F | _25-Junga_{_o | |_| |_|] e | ____} (16.24]_ 
5912311] FOB | 67-7-172-3F | 2Meys4_| 0 | | ~+|~SSstCSCSCSS SS SSS W201] 
feo| 12311 | FOB {er-7-724F | 2eMayos_ | 0 (| +4 SSst—C‘“—;C~*~drSSC“‘(CSd’SCS er 
fea[ 12311 | FOB [67-6 105-6F | 18Julss | 0 |_| |__| _wsp_|_|_¢ |__| _{18,241_] 


o) 


“Hep r per eer 


oO;oO 


162] 12311 | FOB | 67-8-105-7-F | 14-Jun-94 es ee 40% badpaint(85) | WRT 
12311 | FOB | 67 oe 17-Jun-94 JT PR | 50% bad paint (85) REPAIR | | CT 10,16) 
[64112311 | FOB [67-8-110-6F | 23-Aug-94 a ee ee ee 


res [asta | FOB | Oris | aecleeod 0 ra ia 
fe6[ 12311} FOB [e7e1iser] mjunes [0 | | +4 SSS | OR 
rer iasit| Foe Leretseset ese |e ne pee 
fee] 12311] FOB | 67-6136-9F | 2Junda_| 0 | | PR | ©, 10% corrosion(@7) |__| | c |_| (1824) __ 
[ea | 12311 | “Fos [ere 140-6 | trwurse Jo [Ye tom baa pare (87) fins 82a) 
[70[ 12311} FOB | 67-6-140-6F | 12Nov-o4 | 0 ||| ©, 18% bad paint (67)_] SR] | ce | _1_138.24)_| 
i iostt| Fos [er siab-to-e| — extss | 6| ___ |__| oapadearioorean at rr 
72] 12311 | FOB | 67-8-169-7-F | 6Sepss__| 0 | || _15% corrosion (87) | | INSP_| c¢ | | 118.24) _ 


oOyoO;O;OyoO 
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APPENDIX A.3. CV-67 FUEL OIL TANK HISTORY FILE 









a A a a A NA NS 
raf azsit| FORTST-BASS SF | Pause [ON re 
75] 12311 | FOB | 67-81536F | 19-sub94_| 0 | || _s5% consi (67) | TSS eT 110.18) 
[76 [12311 | FOB | 67-8157-7-F | 11-Aug-94 | 0 | | | 20% corrosion (67)__| UR | INSP_| |] 16.241 
[77] 12311 | FOB | 67-6-157-6F | 16-Aug94_| 0 | | | 7% corrosion (87) | | |e 1] 106.241] 





O 






Oo 





oO 





O 






[7a] 12311 | FOB | 67-81627-F | 26Meyss [| 0 | | +|—————SS™S~SSSP | SONS OS SSSSC~*dSCstg ay _ 

[7942311] FOB | 67-8-162-6F | W7-Jukos__| 0 |_| si SC—CS 1s dT 2 

[a0] 12311 | FOB | 67-8-177-7-F|__3Mayos | 0 | -+| a A ae 
ic 





rere | 
}81{ 12311] FOB | 67-8-177-8F | sMay94 | 0 | Of RT 30% bad paint (85) 
[82 {12311 | FOB | 67-8-181-3F | SMay94 | Of p 16.24) 
}83} 12311] FOB {67-8181-4F | 10-May-94 [| 0 | TR 40% badpaint (85) TC 624) 
Palbicolajen FOB 7)67-6-181-F in 4-Meyse | Oo | paar RIEL 
}85] 12311 | FOB | 67-8-181-6F | 10-May94 jf 0 | | RTT 50% badpaint 06 
186/ 12311] FOB | 67-8-195-3F | 26-Jun-94 | Oo] ETT 62a] 
fe7( 12311 | FOB [é7-e20-3F [issued [Oo [CT C~C—‘“CSCSCSSCSCCCSCCdYSC CSR SC*SYSCs 2] 
188 {12311} FOB | 67-6-731-F | 14-Mar-93 | Of na PR 6.24) 
}89} 12311 FOB | 67-8833F | 22-Apr-94 | O | | ER | 60% badpaint (1984) [| mal PR [OC TCT 10,16) _— 
[90] 12311 | FOB | 67-8-83-4F | 26-Apr-94 | OT ma PRO 247 
/$1] 12311 | FOB | 67-8-923F | 25-Apr-94 1 0 Pm PROT 6.247 
192] 12311 | FOB | 67-8924F | 3Oct93 | a fT ma PRE 028 
19312311] FOB | 67-8-97-SF | 1edun94 | OP ma PRT 16,24) 
}94[ 12311] FOB | 67-8-97-6F | tesuleS4 | OP ma PR | 116,24] | 

ee URS INSEE 


i 


Oo 


i 


Oo 


OO 





Oo 









OVO 






oO 






io) 


a 









[95] 12311 | FOOB_| 67-7-162-7-F | _15Jund4_| 0 | || ——SS—S— +? 
[96 | 12311 | FOOB | 67-7-1628F| 15Jun94_| 0 | |_| SCSSST SSCS 2a 
rar | 12311 | FOOB | 67-7-167-5F | __2-Jubes_ | 0 | |. ~~*+Y.~—SSstC<CSC~S~CS. | So OCOCOSSCOCCO 2 
foe] 12311 | FOOB_| 67-7-167-6F | 2 ures | 0 | |S a —— ar a a 


oO 


| 1624 
oC a a a a A 
US 
01] 12311 | FOOB | 678119-7-F | Swulse | 0 | | PR] 50% bad pant (5) | 

so. 

116.24) | 


02] 12311 | FOOB [67-61198F| 2Augse_ | 0 | |_| 

03] 12311 | FOOB | 67-81235F| Soctos_|_0 | || ~~ —+/|_~—~SC<~*SC<C +P ||| SS 

oa] 12311 | FOOB | 67-1236 | 20-Jures | 0 |__| ___| S%bed painvcorrosion (1987))_ si ~SCSCSC~dCSS Cid CSSSSS~SC« 2) 
os] azsin| FOOB [er-eisisr| |.0 || | — sid Sr SSCSSCC SC 2a] _ 
06] 12311 | FOOB | 67-6-131-6F | 31-Aug-94 | 0 | | | 100% conoson (1987) ||| PR |} {10,18} 
fi07| 12311 | FOOB | 67-6-145-7-F | _z3-Aug94_[_0 | | PR | _C, 20% corrosion (87) |__|] ¢ || ~*[18.24] | 
408] 12311| FOOB | 67-8-1458F|  13-Jur9s | 0 | | | S% bad painUcorrosion (1987)| UR | © |_| _[18,24)_| 
109[ 12311| FOOB | 67-s167-1-F| 2wunos | 0 | || —SSSs—<—CSSCdTCdSCd Od TSCSCN24J_] 
10] 12511 | FOOB | 67-8-167-2F | 3s0Juros | 0 | _|| | | | PR || [re 2a]_| 
faa] 12311| FOOB | 67-8-172-7-F | 1e-Jun9a_| 0 | || ||| ¢ {|__| _{t624)_] 
12] 12311 | FOOB_|67-6-1726F | 1eJenoa_| 0 | ||. ~SSCSCS<;7«73 PC«dTCdCSdSSRSSdYSCS 2Y 
h13| 12311| FOOB |67-6-1775F| 1SSepea_| 0 | | |S Sea 
rita] 12311 | FOOB | 67-6.177-6F | 25-Sep-94__| 0 | | R | 50% bad paint (64) 
15{ 12311 | FOOB | 67-6-181-1-F{ 19-Sepo4 | 0 || +. —ss—C—CS—S—S ee oe 
16] 12311 | Fooe | 67-6-181-2F| 22Jures| 1 | |_| |e || e¢ | |} 1026» 
ni7| 12311] FOOB (67-81954F| 2-Octe93 | 0 | | | SS—Sd— SSS OT CS 27] 
1a] 12311 | FOOB | 67-6-200-1F | 22-oc-e3_| 0 | || SS dE _ 2 Jur | (16,24) | 
19] 12311 | FOOB | 67-8-76-3F | 2iJunas_| 0 | || SCS Sd mr PR | CC 2a] 
F120] 12311 | FOOB | 67-8.76-4F | __24-Jun94_| 0 | |_| | © | majPR|_c | | 116,24)_| 
21] 12311 | FOOB | 67-8863F | _3octo3 | 0 | | PR |  30%badpaint(@) | © | majPR_| WC | | [1624] _| 
22] 12311 FOOB | 676e4F | oMayos | 0 | || —S—SsSs—S—SCSCSd Sd PR | CYC 28] 
hi23] 12311 | FOS | 67-6-105-6F | 30-Augo¢__| 0 | | PRER | 20%badpamt(@) | WR] | PR | | -[1e24)_| 
2a 12311 | FOS | 67-6-1059F | 20-Jun-94 | 0 | | RL |  60%badpemnt(85) | UR || c¢ |_| 0.6] _ 
25] 12311] FOS _[67-6-110-10-F] 20-Jun94__| 0 | | PRIER | S0%badpaint(@a) | | | © |_| [i0,6l_| 
26 12311 | FOS | 67-8-110-0F | 20-Jun-94] 0 | | PR | 95% badpamt(as) |__| | ¢ |_| _110,16)_ 
27] 12311] FOS |67-6-136-10-F| _2>Jun-94 | 0 | | PR] _€, 10% corrosion (67) | | | ¢ | | 118.24] _ 
Fi28] 12311] FOS |67-8-136-11-F| 26-Jun-94 | 0 | |__| Cc, S%badpaint (67) ||| c |} _[18,24] _| 
29] 12311 | FOS | 67-8-14¢-1-F | 13-Sep-94 | 0 | | | ©, 25% corrosion (87) |_| |e |_| 18,24) 
30] 12311 | FOS | 67-6-144-2-F | 30-Jun-94_| 0 | | | _ 100% conoson 67] | UR_| | c¢ | | _[n0.6)_| 
31] 12311 | FOS |e7-6-149-12-F] _t-Juaa | 0 | | PR__| 3%bad paintlearrosion (67) |__| | ¢ |_| 118,24] _ 
F132] 12311 | FOS | 67-6-149-SF | 30-Jun-4__| 0 | | PR__| ©, 8% comosion (67) __| INSP] 

f33[ 12311 | FOS 67-6-157-10-F] 11-Aug94_| 0 |__| ER | ©, S%corasain (87) | | ~——~+dY «dt SS ~d~CO8. 2) 
3a] 12311[ FOS | 67-8-157-9F| 24Augas | 0 || PR | ¢ ~~ + mm) SP | ce C=C 28) 
135] 12311 | FOS | 67-8-97-7-F | 4Jan-96 | 0 |_| PR | _S0%badpamt(ea) || majPR| Cc |_| 10,16)_| 
36] 12311 FOS | 67-8-97-6F | 10-Jun-94 | 0 |] PR_| 80% bad paint (@4) |__| majPR_| C || [10.16] _ 
37 12311 FOS | 67-6-116-1-F | _16-Jun-94__| 0 |_| PRIRL | 80%badpamt(85) | | wR | c | | _{10,16)_| 
ri3a 12311 FOS | 67-81182-F | 16-Jun-94 | 0 | | PRIER |  80%bad paint (64) | | | | | {10.16)_| 


oO 
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APPENDIX A.4. CV-67 JP-5 TANK HISTORY FILE 


| | Aj] 8 jc |UD EEG ie ee ee ee eee 





4 REPAIR CODE LEGEND 

2 | 

13 | OVHL = OVERHAUL (BLAST & PAINT) TLI = TANK LEVEL INDICATOR REPAIR 

| 4 | WC = WHEELER CLEAN C= CLEAN 

ES 

EIST SER ACE TERK AS TINS DATE COND (278 GO) 1869. COR __1€87 TVMR___ 1993. C27 PAILTED INTERVALS 

[7 112312| JB ___| 67-7-190- 17-Aug-94 | 1 | | OVHL ——— KCL 

| 81 12312/ JB | 67-7-190- 19-May-94 | 41 | | OVHL | 5% bad paint (84 a OS 

rs hase ea eretabat semester Tc 

(10/12312{ JB | 67-8-16-0-) | 23-Apr-94 | 1 | | OVHL [15% badpaint(84)) | TLI | st $10, 16), (0,9) | 

(14]12312{ JB 167-8-185-10-|_ 17-May-94 | 1 | | OVHL {20% badpaint(84)_ | CC 1-Jan-85 | [10,16], (0,9) | 

Hebe Be 24-Aug S ean 
1231 C 


QO 


}12312| JB | 67-8-185-6 | S-Aug-94 [ee EE eee Eee eee 
fafa se eries 7] —isauese [| ovat} vor pateg]—_|—¢ Trg 
145]12312| JB | 67-8-185-85 | 21-Jun-94 | || COVE | 10% bad paint (84 — ee 
iL iost3 |e eretasonl|ieames [cide |e 
117 [12312| JB | 67-8-19-0J | 11-May-94 | 1- {| OVHL | C | 2% badpaint(84)_ | OC |S 5, 10), 0,15) + | 

}48]12312| JB 67-8-195-7-J | 18-Jule94 | tT 0,25) 
149] 12312| JB__| 67-8-195-8J | 23-Nov-93. | 0 | | OVHL | 12% bad paint (84) | OVHL | 94 | [10,16], {2,8} | 
|20/12312| JB | 67-8-23-04 | 25-Mar-94 {| 4 | | OVHL | (O% badpaint (84) | OC | 10,16) , (0,9)+ | 
(247 12312| JB | 67-8-28-0-N | 11-Apr-94 | 1 | OVHE | | O% bad paint (80) | CS, 10}, (0,15) | 
f22[12312| JB | 67-828-1J | _7-May-04_ | 1 | | OVHL | O%badpaint(85) | TL | __| {10,16], fs | 
rs Pissta | JB | 67-8982 | 26-Aprea [1] Ov} 19e ad paint (85) OVAL 8a 0,16) Ba 
[24412312] JB | 67-8-3304 | SJun-94 {| | OveL | | S10}, f0, 15+ | 
[25(12312| JB | 67-8-33-1-4 | 28-Mar-93, | 4 [| | Ovet TC 40,16], 10,9 | 
ee ee 
{5,10}, (0,15)+ | 


i 


ofolols 


26 | 12312 | 46 ___ 67-6: 85:25) |_30-Mare4 |_| ____|_OVHL ae 
(27] 12312] JB | 67-8-33-3-J | 7-May-94 | 1- | OVHL | ‘(| 4% bad paint/corrosion (88)|_ 9 C | 
a iasiz] Je | reas T eaprsa [1 Oe 0% bad paint pc TC 10, 16} , [0,9 | 
[29] 12312| JB | 67-8-43-1J | 30-Apr-94 | 1 | | OVHL | 5% badpaint(84)_ | OC | 10,16), {0,9)+ | 
[30] 12312| JB | 67-8-48-1-J | 20-May-94 | 4 | | INS Tf Ov | 848,24) 
[31]12312| JB | 678-4824 | tdun94 | 4 || OVAL | 8% bad paint (84) | OC | t-Jan-85 | (10,16) , [0,9)+ | 
(32[12312{ JB} 67-8533 | 19-Mar-94 | 1- | INSP | OVHL | 1% badpaint(84) | | -dan-85 | {10, 16) , [0.9}+ 
(33[12312| JB | 67-85345 | 11-May-94 | 1 | | OVHL | O% bad paint(84) | TLIO] £10, 16) (0,9) | 
(341 12312| JB | 67-8536J | i-Jule94 | 1 | | COVHL | O% bad paint (84) | ~WC | F100, 16), [0,9)+ | 
38 {12312 | 18 __|_S7-8-58-3.J | _26-Jun-94 | _1_1__OvH_ 15% badpaint(84) | Cc | tf 10,16) , [0,9+ | 
(36/12312] JB | 67-8631 | 17-Mar-94 | 1 | | OVHL {10% badpaint(84)_ | oC | id 10,16) (0,9) | 
SEY 12392 [FB 67 -69-A i 20 Maat 98S O V  re a Oe 
|_| {10,16} , (0,9)+ | 


O|O 


ef si2| Je 67783 | peayss | [ovat | pant @e) 
139]12312/ JB 67-8-73-4J | 44-May-94 | 1 [| | COVHL | 7% bad paint (84) | OC 1-Mar-94 | 
}40]12312| JB | 67-8905 | 21-Jun-94 | 1- | 0% bad paint a 
|41] 12312 | JOB | 67-8-190-1J | 29-Aug-94 [| 1 | | OVHL | 15% badpaint(84)_ | OVHL | 94 | [10,16], (2,8) | 


}42} 12312| JOB | 67-8-190-2| 5-May-94 [| 4 | jf Pr a eee 
4312312] JOB | 67-8-190-3J| 20-Jun-94 | 1 | | OVHL | 25% badpaint(64)__| OVHL | 04 | 110.16], 28] | 
44] 12312| JOB | 67-8-190-4J} 31-Jul-94 | 1 | bad paint (84) | OVHL | 94 | 18,24) 
[45] 12312 | JOB | 67-8-200-5 | 14-Dec-93_ | 0 | OvHL | PR | 1% bad paint (84) | OVHL_| 94 | {5,10}, [8,14 
}46] 12312 | JOB | 67-8-200-6-J|  3i-Julo4_ | 1 | | COVHL | 15% bad paint (84) | OVHL | 94 | {10,16}, (2,8) | 
67-8-43-2J | 10-Nov-93. | 1 | | OVHL |  O%badpaint(e4) | TLY | 10,18), [0,9 
[48] 12312| JOB | 67-8-48-3- | 24-Jun-94 {| 4 [| INS [OV 848,24) 
[49] 12312 | JOB | 67-8-48-4-j | 15-Jun-94 {| 1 {| | OVHL | 0% badpaint(84) | TL! | F100, 16) , f0,9) + | 
[50] 12312| JOB | 67-8531 | SSep94 | 1 [ of INS [of OVE | 88 | f8,24] 
[54] 12312| JOB | 67-8-58-2J | 2-Nov-93 | 1 | | OVHL | 4% badpaint (04) | TLE | F100, 16] , (0,9) | 
152[12312| JOB | 67-8-682J | 22-Jul-94 | 1 | | OVHL | 4% badpaint (84) | TLIO | £10, 16) , (0,9)+ 
|53[12312| JOB_ | 67-8-683 | 26-Oct-93_ | 1 | | OVHL | 10% badpaint(84) | TLIO | | £100, 16}, [0,9)+ | 
[$4]12312| JP | 67-8-38-0 | 16-Sep-93 | 0 | | INS [oO] 848,24) 
}55}12312| P| 67-8430 | 17-Mar-94 | | | OVE | S% bad paint (84) | OC | 10, 16}, [0,9 
[56] 12312| JP | 67-8-48-04 | ti-Jul-o4 | 1- | OVHE | | 1% bad paint (84) | Ci 1-Jan-85 | [10.16] , [0.9)+ | 
67-8-53-0J | 10-Nov-94 | | | OVHL | 10% badpaint(84) | WC | it f10,16)., [0,9)+ | 
158112312] JP —— | S-Oct94 | 1 | | OVHL | 15% bad paint(84)__ | OVHL __| 5-Oct-94 | [10,16], [2,8] 
}59]12312| UP | 67-85-05 | 22-Jule94 | 1 | | OVHL | 20% badpaint(84)_ | C | = f10, 16) [0.9 
}601 12312] JP | 67-8-58- 381i | 14-Mar-94 [| | | COVELL | 50% bad paint (84) | OC | 10, 16) , [0,9)+ 
161] 12312] JP | 67-8632 | 25-Julos | tf | COVHL | 30% badpaint(84)_ | C | (10,16) , [0.9 
}62] 12312] JP} 7-8-6804 | 21-Julos | 1- | | OVHL | 10% bad paint (84 1-Jan-85 | [10,16] , [0,9)+ | 
163112312] JP | 67-8681 | 17-Apr-94 | | | OVHL | O% bad paint (84) | WC] 10,16 
64 | 12312 | JP SERV | 67-8-195-5-J | 21-Jun-94 | 1 | | OVHL [| S% badpaint(a4) | oC | Cd 10,46) , (0, 9}+ | 
JP SERV | 67-8-195-6J | __ 26-Jul-94 | 1} | COV 3% bad paint (84 OVHL | 94 | [10,16], [2.8] | 
JP SERV ore 200-3) | tosun-94 [a fT OME | S% bad paint (84) | TLI | 10,16} , (0,9)+ | 
JP SERV | 67-6-200-4J | 19-Jun-94 | 4 [| OVHL | 5% bad paint (84) | OVHL | 94 | [10,16], [2,8] | 
JP SERV | 67-8-38- J 15-Nov-93 [| 1 | [| OvHL | 10%badpaint(e4) [TLE | 10,16) , 0.9) | 

1 

1 

1 


ojolols 


| 12312 | JP SERV] 67-8-38-2J | 7-Dec-93 [1 [| OVHL [10% badpaint(e4) [TLL | sd £10, 16), [0,9)+ 
123121 JE SERV) 678-4330 | ured 1 [|_| vit [6% bad paint (64) _[_Th1__|_ (10, 46] 10.84 
| 12312 | JP SERV| 67-8-43-4-J [10-Nov-93 | 1 [| OVHL | 5%badpaint (84) [TLL | | {10,16} , [0.9)+ | 

12312 | JPSMTK | 67-8-210-2) | _28-Dec-93 [ o | [| OVHL [0% badpaint | OvHL [94 | 110,16) , (2,8) | 


NI bel n 
RI] =1O i | 
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APPENDIX A.5. CV-67 DAMAGE & LIST CONTROL VOID HISTORY FILE 












OVHL = OVERHAUL (BLAST & PAINT) FLD = FLOOD (VALVE) IR = INSPECTION & REPAIR 
PR = PIPING REPAIR C= CLEAN WC = WHEELER CLEAN 
SR = STRUCTURAL REPAIR INSP = INSPECTION 


ee SS a ee ee 
[7_[SWUN] SERVICE [TANK _|LASTINS DATE|COND| 1985 COH| 1987 1VMR___| 1997 SRA] 1953 COM [PAINTED] INTERVALS | 
Pe} 12527 | vor be [677-1232] —Tsursa | | OVE | 10 bad panconoson GA] We Troe TS 
re| 12321| VOID DG] 677-128 3V] —20-Dece3 | 0 [- OVAL | — 80% bad paint (in 1984) [| SRO] rota fost 
ro] 12321 VOID DC | 67-8-101-7-V]__1SJurs4__| | CG | 3% badpaint (4) | Ireplace flavavel | 10,28" 
fan [12321 [VOID bc | 6rs-1or-eV | a0-Augea [| c | 5% baa pain (64) [replace tidvateel | f025 
42] 12321| VOID DC _|67-8-105-11-V]__SJun-94 | | _C | 4% bad paint (64) | ___jreplace tidvalvel | 0,25)" 
Beene veneers nt | | cee |r bed ere tet] [ome nae oa 
4a] 12321 | VOID DC | 67-6-1159-V | t-Jur94__| | OVHL | 50% bad paint (in 1984) | |replace fid valvel_ 1110, fe), [0.5 
[as [12921 | VOID DC e7-8-119-10-V| fo-Jun-s4 || OVHL | "80% bag pat (in 1984) | replace td vatve! 1076110.) 
a6 | 12321{ VOID OC |er-8-136-12-V|_1aNo-9a | | | ———S—S—~—~S «SS repiace fidvaivel «(028 
Mi tes2t | von be —lers-136°13-v] te jung —[ [ovat |---| renin ta vane 170) 
a 1821 | “VoIOOG [ero | eres [0 | ¢—| teaareranon(@7p| ovat [sata 
9] 12321 | VOID OC _[e7-8-149-11.V|__1S-Jub94__| | OVHL_| 2% bad painticorrosion (87) | ___|replace fla valvel | 10,16), [0,5 
[20] 12321| VOID OC |67-8-149-14-V|__10-Sep94_| | OVHU_| 3% bad paintcorrosion (87) | ______|replace fidvatvel | 10,16), [0,9)* 
24 | 12321 | VOID OC _| 67-8-15S-7-V | 31-Augs4_| | _C | 6% bad painticorrosion (87)| replace fldvalvel | [025 _| 
[22] 12321) VOID OC _|67-8-157-12-V| _16Jun94__| | ___C _| 8% bad paint/conosion (87) | _____|repiace fidvalvel_ | 10,25" | 
23] 12321] VOID DC _|er-8-162-10-V|_1eNov-og_ | |c | —S—S—S——SS—S~*d Sr pace tid valve) | [0.25] 

[24 | 42321 | VOID DC | 67-8-1629-V | _1SJuno4_| | Cc | 8% badpaint(64)__| __jreplace flavalvel | 10.25)" 
[25 | 12321| VOIDDC | 67-8-167-3V | 1SJun9s | | _C | _1%badpaint (64) | |replace flavalvel | 0,25) 
[26] 12321 | VOID DC | 67-8-167-4.V | __s-Aug-94__| | OVHL | 60% bad paint (1984) | __|replace tid vaivel | {10, 16], (0,9* 
[27] 12321] VOID OC | 67-8-65-2-V | __2-May-04__| | OVHL | 25% bad paint(1984) | replace fidvalvel 10,6), (0,9), 
2a] 12321] VOIDDC_| 678-653V | __2-Feb94__| | OVHL | 30% bad paint (1984) | UR replace fid vaivel | (10,16), (0.9) | 
'29| 12321] VOIDDC | 678684V | 26Jan94_| | CIPR | 40% bad paint (1985) | replace fidvaivel | [0,25 | 
30] 12321| VOID DC | 67-8685V | 2-Feb94_ | | © | 30% bad paint (1985) | UR [replace fla vavel | [0,25 | 
31] iz321| VoIDDC | 67-B735v |__2Febo94__| | _C | 30% bad paint (1984) | _majPR [replace fldvaivel | [0,25 _| 
32] 12321] VOID DC_| 678-736V | _23-Nov-93__| 0 | OVHL | 40% bad paint (1984) | majPR | OVHL | 94 | [10,16], (09) | 
33} 12321 VOID DC | 678-785V | 2Feboa |_| _C | 18% bad paint (1984) | majPR [replace flavavel | 0,25 _| 
34} 12321] VOIDDC_| 67-8786V | 25Jans4_| | OVHL | ————S—S*d=SmajPR replace fidvalvel | [10, 16], (0.9 
a5] iz321| VOIDDC | 676835V | 4Feb94 |_| OVHL | 20% bad paint (1984) _|_majPR replace fldvaive| | [10,16], [0,9}+| 
[se] iz321| VOIDOC | 67eesev | |__| OVHL | 40% bad paint (1984) | _majPR replace flavalvel | 10,16], (0.9) 
[a7] 12321| VOID DC] 67-6-885V | 4Feb9a | | OVHL | 30% bad paint (1984) | _majPR_|replace tid vaive| | [10,16]. (0.9) 
[38] 12321| VOID DC _| 67-8-88-6V | 20-May.04_| | _C | 28% bad paint(1984) | _majPR replace fldvavel | 0,25)" 
36] 12321 | VOID DC | 678-92-5V | 26-May-94 _| | OVHL | 40% bad paint(1984) | _majPR replace fid valvel _____| [10,16], [0.9)* 
rao] 12321] VOID DC | 67-892-6V | __9Oct93 | 1 | OVHL | 70% baapaint (1984) _|_majPR replace fldvalve| ____| [10,16], [0.9)* 
[a1] 12321| VOID OC_| 67-8-97-10-V | _20-May-94_| | OVHL_| 40% bad paint (1984) | _majPR_|replace fidvalvel | 10,16], [0.9}+ 
raz] 12321] VOID DC | 67-8-97-6-V | 20-May-94 | | OVHL_| 40% bad paint (1984) |_majPR_|repiace fid valvel | 10.16], [0.9)" 
a3] 17321] VOIDLC | 67-4-100-1-V| teJanes | ova | ——SS—S™S—~—~S—S~SS mg PR | Cd —=«* ft0,4 6) (0,9) 
[ag] 12321] VOIDLC | 67-4-1153V | _17-Dec-S4_ |_| OVML | ————SdSS—S—SCS SSC iY ——«* 10, F], 0.9) | 
fas | 12321] VOIDLC | 67-4-1156V | 1&Deco4_| | OVH | SSCS SR | Wd —~*d 0,16}, 0,9) 
[a6] 12321 | VOIDLC |67-4-123-12-V| 24-Jan95_| | OVHL |S SSCS Sd —=S 10,16, [0.99 
raz] 12321] VOID LC _|67-4-196-12-V|_1S-Jan95_| | OVHL| |_| PRWC___|____ | [10,6], [0.9] 
ras] 17321] VOIDLC_| 67-4-136-7-V | __24-Jano5 | | ovak |S SSS SOY —* ft, 16) (0.9) | 
rag] 12321] VOIDLC | 67-4-1495V] 20-Jan95_| | OVAL | —+4| -INSP_[_We__|___| 10,16), [0.9)+] 
so] 12321| VOIDLC | 67-4-1498V | 17-Dec-o4_| | OVAL | ——S~Sd SCS Si) ——=* T8109 | 
rst] 12321 VOIDLC | 67-4-162-3V| 20-Decoa_ |_| OVHL | SSNS TWiT «dO, 1] [0.9 
rs2| 12321 VOIDLC | 67-4-162-4V | _15-Dec-04_| | CPR |S SSSSCid Sd 
53] 12321| VOIDLC |67-4177-4V{_SJang9s_ | | © [S| Sd Sid 2 | 
rsa | 12321 [VOID OW/DC| 67-8-123-7-V| 7-Nov-o4 | 0 | | 40% badpaint(@4)_| | OVHL| 94 | [1824] __| 
35] 1221 |VODOWNE] ere-izseV | ao-oeet | 0 [| a0 bad paineony [Pov fede 2a 
56 | 12321 [VOID OW/DC| 67-8-127-5V | 26-Sep93_|_0 | Cc | 80% badpaim(64) | | OVHL__| 94 | {10,16}, (05) | 
rs7| 12321 [VOID OW/DC] 67-6-127-8-V | 20-Oct-94] 0 | Cc | 90% bad paint (84) |__| OVML_| 94 | {10,16}, (0.9) | 
sa | 12321 [VOID OW/OC| 67-8-131-7-V] _SOct93_| 0 | OVHL_| INS 1987, —~—=«| ~~SSC«dT~SSCOVL_Y~—94 | {10,16}, (0,9) | 
59 | 12321 |VOID OW/DC] 67-8-131-8-V]| 17-Oct-83 | 0 | OVML | __INS1987_ | | OVAL _| 94 | {10,16}, (0,9) | 
ee ca CNcser ove ones oO 
ret | 12321 | PEAK SWB | 67-8-0-0V | 20-Nov-93 | 0 |_| ——SsSCS<‘SSSSS~SSV i828) 
re2| 123211 PEAK SWS | 67-850V | 10-Nov-93 | 0 | INSPISR| SCS SCY COV id| 18,20) 
3] 12321| TRUNK | 67-7-30T | 20-Nov-93 | 0 | [| +| oval | 94 [_(18,24)__1 
DA. . | |  — | | || — | 
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APPENDIX A.6. CVN-65 FUEL OIL TANK HISTORY FILE 


| 4 | These are converted to JP-5 stowage tanks 
| 2 ISWLIN| SERV TANK INS date |COND| INS date |COND| PAINTED COMMENTS INTERVALS 


rs} |] ast mown! i previous| | 

Ta [12311| FO [65-8-10607-FF| 27-Apr-95] 1 | | 0 | (| —SNNS f004——S~=~SYS~C*«é«i 
rs [12311] Fo lesst0e1eF| ‘| _1 |a2oaeil o || SNS 1994 —~—S~SSa.30) 
Pe [12311 FO | 65-8-106-46F | 27-Apros| 1 | 13-0ce91] 0 | (| —NNS 1994——S~SYSC*«* 30) 
7} 12311 | FO | 65-8.108-2F | 27-apros| 1 [23-0c-91| 0 | | NN 1994————*dYSS~*o. 30) 
Ps 12311) FOB [65-8.102-10.FF| 26-apros| 1 | sJun921 0 |__| 94 Vreelands matin —_|__[21,30) 
re [12311 | FOB | 65-8-102-7-FF 13-Aug-91 
ro] 12311 | Fos | 65-8-102-86F | 26-apr-95| 1 | 3wumng2[ 0 |_| 94 Vieeland's max (| (2130) | 
rat 12311 | FOB | 65-8-102-9-FF | 6-Jun-05 | 1 113-Aug91 
ra2| 12311 | Fos |65-8-106-12-FF] 10-apr-95| 1 [14augot] 0 | | ~—SNNS 1904. ——~S~C*~SC*SC*«~W 
[43] 12311 | FOB | 65.8-106-9-FF [10-May-05] 1 _[15-Augo1| 1 | tuanes | ——«ae7RSM_———*diT. 23), (0,10) 
rat zat | oe fess.tuisore|viamas| 1 feawen{ 1 [sae 
fs |rzsnt [Fos [ese-rn7re | ens [1 [reaugen| 4 [ees [ar sa ore 

















| 16 | 12311 | FOB | 65-8-111-8-FF | 11-Apr-95| 1 | SJun-92] | 
65-8-111-9-FF | 9-May-95 | _1 {| 13-Aug-91] 1 | 1985 __| 87 RSM 







118 | 12311 | FOB |65-8-138-13-FF| 6-Apr-95 26-Jun-91| 1 | 1986 87 RSM 







[19 | 12311 | FOB |65-8-138-14FF| 28-Apr-95/ 1 [25-Mar-91] 1 | | 0,3.) 
| 20 | 12311 | FOB |65-8-143-10-FF [31-May-95 1 [27-May-91] 1 | | 8384) 
21 | 12311 | FOB |65-8-143-11-FF] 12-Apr-95| 1 {15-Aug-91{_ 1 | 1986 {| B7RSM_ 11,23}, (0,10) 
2-May-95 | _1 [30-May-91] 1- | | 94 Vreeland'smatix, | (21,30) _ 






| 23 | 12311 | FOB | 65-8-143-9-FF | 12-Apr-95 
| 24 | 12311 | FOB |65-8-148-10-FF| 11-Apr-95{ 1 [20-Aug-91] 1 | =| = CC C—“‘SC*CY CC, 34)# 
2-May-95 | 1 | 4Jun-92{ 0 | | 94 “Vreeland'smatix of (21,30) 
| 26 | 12311 | FOB | 65-8-148-9-FF | 12-Apr-95 19-Aug-91 
| 27 | 12311 | FOB |65-8-152-12-FF] 6-Apr-95 | 1 | 4Jun92} =| | —Ci—‘“‘CSs:CC 34 
| 28 | 12311 | FOB |65-8-152-13-FF| 5-May-95 {1 | 2-Jun-92 | 1 | 1-Jan-86 | S87 RSM, TVDB__—=*( {11,23}, 0, 10)+ | 
| 29 | 12311 | FOB |65-8-152-14 FF| 19-Apr-95[ 1 [28-Mar-91] 1 | | CC“‘T:SC(O,3.4)# 
| 30 | 12311 | FOB |65-8-157-14FF} 20-Apr-95| 1 | 19-Jul92| 0 | | = =NNS1994 | [21,30] 
| 31 | 12311 | FOB | 65-8-157-9-FF | 5-May-95 {1 | 22-Oct-91| 1 | 1-Jan86 {B87 RSM [11,23], (0,10) + 
| 32 | 12311 | FOB | 65-8-97-10-FF | 26-Apr-95| 1. |19-Sep-90/ 0 [| =| =~ 94 Vreeland'smatix —s | [21,30] 
| 33 | 12311 | FOB | 65-8-97-11-FF | 9-May-95 | 1 | 8Jul-91 | 0 | 1985 | B87 RSM__s* {11,23}, (0,10) + 
| 34 | 12311 | FOOB|65-8-106-11-FF| 10-May-95] 1 |13-Aug-91/ 1 | 1985 | == = = 87RSM = [11,23}, (0,10) + 
| 35 | 12311 | FOOB|65-8-106-14FF| 11-Apr-95] 1 | 19-Jul-92] 0 | = =| = = ENNS 19940 |] 21,30] 
| 36 | 12311 | FOOB|65-8-138-15-FF| 6-Apr-95 | 1 [15-Aug-91] 1 | 1986 | = = 87RSM_—_—*S 11,23}, (0,10) + 
| 37 | 12311 | FOOB|65-8-138-16-FF| 28-Apr-95[ 1 |25-Mar-91/ 1- |  —ss| 94 Vreeland’s matix | (21,30) 
| 38 | 12311 | FOOB} 65-8-149-1-FF | 19-Apr-95 
19-Apr-95| 1 | 9Jun-92[ 1 | 1-Jan86 [BZ RSM__s [11 23}, [0,10 + | 
| 40 | 12311 |FOOB|65-8-157-11-FF| 5-May-95 | 1 [22-Oct-91| 1 | 1-Jan-86 | 87 RSM_C* 11,23}, (0,10) + | 
| 41 | 12311 |FOOB{65-8-157-12-FF| 20-Apr-95{ 1 { 4Jun-92/ 0 | | ~~ NNS1994° | (21,30) 
| 42 | 12311 |FOOB] 65-8-97-8-FF | 26-Apr-95{ 1 |240ct-91| 0 | ~~ =| ~— 94 Vreeland'smatix —s | (21,30) 
| 43 | 12311 |FOOB] 65-8-97-9-FF_|17-May-95{ 1 | 9Jul-91 | 1 | 1985 [| == 87RSM__—_—s (11,23), (0,10) +] 
| 44 | 12311 |SUMP| 65-8-115-4F | || 77-Aug-91] 0 11979, 1994; painted NNS 1994 | (11, 18],[0,10] 
}45 | 12311 |SUMP] 65-8-92-3-F | —s| S| B-Oct-91 | O [19791994] painted NNS 1994 | [11,18], 0,10) | 
Se Hae | Cost Pea EE eet tet tas + a i 
12317 | COST | 65-8-148-7-FF | 12-Apr-95| 1 [18-Sep-91 a 
| 48 | 12317 COST 65-8-162-12-FF 95 9-A -alrea 
















































87 RSM = 
¥ selected for overhaul 









— 
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APPENDIX A.7. CVN-65 JP-5 TANK HISTORY FILE 






eee ec Oe E | FF lec | kh fClU—iaCOttC;‘CSOSO™S*:*~*~*:O”O”CSCSd*YSCONSCNCéaNSC‘(‘<(qQK 
| 1 {SWLUN} SERV | TANK | INS date INS date PAINTED |  —CCOMMENTS OS SCdTSINTERVALS 
Ea , last known previous a cet i oe 
| 3 ).12312 COST. 8204-2 8 0 16 1982 __ 2 failures (1982, 1995) already selected by SF [11,18], (10 


21,28 
11,18}, {0,9 


— 
& 


zy 

| $ | 12312] COST | 65846-2-J | | 30-Sep 97] i [| i-Jan-ag assume ok @ 79 COH 

| 6 | 12312] COST | 65857-3-J | | 17-Oct ot] - >9 (1991-1982) now at 13 °*° 

171 12312( JB 6S5-2055-3} | 82 per Jeff Wilcox, Nuclear qualified ADCA; 
me'}42312| JB 65-5-210-1-J] | CE C82 | co dT These 7th deck JB tanks are part of the 

[9 [12312] JB {65-6-1868J){/ | | 92 oC secondiary shield. They were sea water 

110] 12312| JB} 65-7-101-0-J| | | 82 Tf compensated prior to 1992. They were overhauled 
/14] 12312; JB |[65-7-101-2-J} | | 92 f oO | and converted to fresh water tanks by NAVSEA08 
142} 12372{ JB 65-7-106-2-J| | 2B May-92] 0 TO Shipalt (NR) 1990 COH. 

rs| 12312) JB |es7-1141-J| |_| 26-May-62] 0 | 
Eenizsi2ie IB | GS-7-11S-O} | 2 

[15] 12312/ 0 JB 65-7115] | 82 
[16/12312| JB} 65-7-121-1-J] TC 2 OC 
147] 12312] JB 1 65-7-124-0-J] To 
re] i2ai2] JB | @5-7-1241-J] | | 92| 0 
119/12312] JB {65-7-1291-J/ | 2 
20} 12312| JB [esvisv2J| | | | 0 | 
2a] t23i2| JB __[es7-1380-J| | | 9 | 0 | 


21,30 


21,30 


21,30 
21,30] 


ok @ 79 COH 
21,30 
21,30 


[22 1zsiz|__JB__|es7-te-4-J)—~«| —~«d| z_|o | 21,30 
f23[ 12312] JB |65-7-1442J( | | @vune2 | 0 |S (27,30) 


Ranzi2ieen lero) | | ea | ot CrSC.CSCSCS | Si 
A a A a (a) 
(ol EE SN +) 
fa7| i312) JB__jesris20st | | 92_|o0 | -+|——S—S—— SOS 21,30) 
Pegi eerie) | iY ee | od) SCCCC~dr SSCCSCOCCCCSCSSTT YT 22 030] 
figesia| JB |esr-iset) de | | TC~dYSCSSSCSTSCCT...C*‘“‘(S$#T*dLC C2430) 
[so] izsi2| 8 pesriezoy| | Sd] ae | or] CSS CSCSCSSCCCCC*‘“‘(#$NNNN’N’N”NW”W-Y— 21,30] 














Co SE TEN SS a a Sc 
132] 12312) JBL 65-7-215-14-5| | Oct91] 0 | 1982 rotpartofsecondary shield |= 11, 18) [0, 10) 
[33]12312| JB] 65-7-92-0-5 | | fassume92] 0 | —OC‘“‘SCSCSCSC*sdCTCCséO214,30] 7] 
[34] 12312] JB | 65-7924) | | jassume92] 0 fT —“Csi—CSsSSCSCSSCSC‘CNCC*#dCC«&21,30) 
135] 12372/ JB | 65-7-96-2-J | | fassumes2] 0 fT —“si“—CS*s~—~—CCC‘C‘#®SCN#SCNC#OS 24,30 
| 38] JB _ | &Sep92] 01 | 1-an-86 ok @ 79 COH _ 
| 37 | 12312 a WJun92 ss atreaty selected by SF, ok @ 7B COH 21,30 

| 38 JB 4-Sep-92 1-Jan-86 ok @ 79 COH 
[39] 12312] JB 1 65-8-163-2J] | 20Sep oi] ie | —“CsSSCSCC‘CSSC*C*C(C(#C(#@CE: CC C(0,30)+ | 
[40] 12312] JB (658-167-124) | Sep oi] 1 | 1982 CSCS F494, 18], [0,9] 
[44] 12312| JB (65-8 167-9)/ | 8OSepoi] 0 | 1986 | CCK TICOHC“‘SNC#C#N:COC*CL19,24dWC 
[42112312] JB {658171-5J{ | 1S AUG 91] 1 | an 85 OK @IICOH Cs *19,24) 0,6} | 


143) 12312] JB (6581716) TP Odun 92 gaz ™—CSC“C‘L:CSCSCSC* A 7,z18Y 
44] 12312| JB 65-8-171-7-5| | tevan86 | i | 1986 KM IICOH | 19,24)[0,6)+ | 
[45] 12312( JB e5-87i-8s] | tun 92[ TC C(‘“C;COC*™*C*C*C*C*C*C*C*C*C*C*C*C*C*C*C*s*SCSCSCSC‘“‘CNC#CR CC (0,300)+ 
43} 12312{ JBL 65-8-176-9-J) | uz 0,30) 
(47) 12312{ JB 65-8-181-S5 | | tedun92] | 1982 ty 
}48(12312| JB 65-8-181-45] 0 teun 92 TE 030) 
149/12312] JB} 65-8-187-5-J] Tf iteJuno2q 982 
ps0] 12312] JB | 65-8-181-6-3] tun 0,30) 
[Si}i2si2} JB 65-6-186-7-J] TC Sepoi] 4 fT 0,30) 
1$2]12312{ JB 6581868) | 28OctiT Oo TO OK@TICOH (21,30) 
[$3] 12312} JB} 65-8-197-1-J] |G Sep Oi] 1982 911,18], (0,10) | 
($4 12312[ JB 65-8-197-2-J| Td Sep9if oo fT OK @TICOH (21,30) 
155112312] JB {65-8205-11-J] | Sept] 1 fT 0,30 
SOW tot 2) eed | 0-6-2 10s 1-092 | ee (0,80 
$7} 12312] JBL 65-8215-5-5] | 1Sepoi] t- [19820 19, 18), 0,10) | 
1$8/ 12312] JB 65-8215-7-5] td 19Sep9i} 1 | 1982 8, 18}, 0,10) | 
159{ 12312] JB 65822-0512 May-92( 0 1 [1989 KM IICOH 27,28) 
e0[ 12312] JB e5847-5s [CUT ee uno27 ie (0,30) 
181] 12312] JBL | 65847-6I {| 24 Jun92[ 1 | ise9,i982_ | 14, 18}, [0,8] 
}62[ 12312] JB | 65-852-7-5 1 dT 6 Sep9i{ oo T1982 41, 18}, (0,10) 
[63[ 12312; JB 65-8528) [| ee ung2] i T1982 94, 18}, (0,10) | 
[64[12312[ Bf 65-8574) fT t-Octo7 [i | tedan89 KM TICOH 21,28} 
pes] 12312] JB | 65-8625) fo Ouro2 | 0,80) 
}66/12312| JB OT eS ee26-J [CUT team 0,30) 
[67/ 12312[ JB | 65-862-7-J [Tf 12-Aug a2 0,30 
[6s] i2312| JB] 65-8628 UT S0Sep ott 7 fT (0,30) 
fagf 12312] JB | 65-8675 [To uro2 0,30) 
42312] JB 

















71 | 12312 ~~ two failures (1989,1995} (21,28) [3,7] 


a 8 | 
173[ 72312] JB 65-8-72-7-J [ S-Jun95 [1 [ 7-Auge2 [oa Tt (0,30) 
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APPENDIX A.7. CVN-65 JP-S TANK HISTORY FILE 








LO P< = 2 SOS <TR PET RE ET 
L74|SWLIN| SERV | TANK | INSdate |COND| INSdate [COND{ PAINTED _| COMMENTS NTERVALS 
ras - <a eo Ft at ; — 
LIS LIZZ me AB | OS SIZ ed Th MOS Ee Aug 92 198 tw faltures (1982,1995) S 

| (0,30)* 
elinit| et ees i oust 0 | nor 
pre | asi2| asf errs aes | 0 Pte ors F230) 


| 80 | 12372 ee eee SSS eee 
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[439[ 12321 [VOID DC(LE)| 65-8-120-8V [Tf t2-Aug-92[ 4 P30) 
140| 12321 [VOID DC(LC)| 65-8-125-14-V] | 12-Aug-92] 1 | 1985 a anne 
[144] 12321 [VOIDDC(LC)|65-8-125-12V[ ta Aug-9tf tf) 
'442l 12321 [VOID DC(LO)| 65-8-125-3v |_| | Bwulo2 | 1 | tans] CSCS C28) JO 
[143[ 12321 |[VOIDDCLC)| 65-6-125-4v || tMar-ot [Ut [tan 0,23}, FO.) * 
144] 12321 |[VOIDDC(LO)| 65-8-125-5-v] || tan [a [tana P23}, FQ 
1445] 12321 |VOIDDCLO)| 65-8-125-6V [TC Oot ae 0,30) 
[446] 12321 [VOID DCLG) 65-8-129-13.V| | _|45-Aug-ot|_1-| 1985 | CSCS C23) FO. 
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APPENDIX A.8. CVN-65 DAMAGE & LIST CONTROL VOID HISTORY FILE 










Se a i oh 1 lif 
Wa7[SWLN| SERVICE | TANK | INS date [COND] INS date [COND| PAINTED | COMMENTS | INTERVALS 
448] 12321 [VOIDDCULO)| 658-120-5V1 | sd tan | 1. [| dvenés | SS—~S™SCS SCT JOTI 
rag] 12321 [VOID OCLC)| 65-8-129-7-V |__|] 42-Aug-63] 1 | tan] SOS +f 2) JOTI] 
12321 [VOID OC(LC)| 65-8-130-14V| | _|tiquns2] [SSS CCOCSCSCOCC*dS COBO 
12321 [VOID DC(LC)| 65-6-130-6.V |__| _|1tun-e2] [SSCS SSSSOCC~‘(SS~«*‘ONZ OV 
12321 [VOID OC(LO)| 658 1306V] +t tvunga] PSO O—C*‘dS~~é*O. 3] 
12321 |VOID DC(LC)| 65-8-138-10V] |__| 12un-82[ | 1004. | _assumeok@70COH | 21,30) 
'454] 12321 [VOID OC(LC)| 65-6-138-11-V] | |1S-Augor] a.) t98e SD SSS—S—SSCSC*OD FTN 
ra5s| 12321 [VOID OC(LC)| 65-6-138-12-V| | | 18-Jul-62 | 0 | 1904(NNS) | assume ok@79COH | oisq) 
'456| 12521 | VOID DC(LC)| 65-6-138-17-V| | [1SAugo]| 1 [| 1988] SS™S~—~S «dGTP 
ra57| 12321 [VOID OC(Lo)| 65-8-138-16V| | | @Marg1[ 7. | SSO CCS 3 
458] 12321 |VOID DC(LC)| 65-8-138-0-V |_| | 15-Aug-91] 1 | 1986) SCSCS™SCSSSSSSSSC*dSC*dO 23}, TO. 
[459] 12301 [VOID OC(LC)|65-6-145-13V| | | 15-Aug-81] 1 [| 1986 SSSSSOSCSCSCSSSSCCTC~C*dYSC*SO 33} 0. TH 

"2321 [VOID DCLC)| 658-1455-V] | +d tS Augen] 1 | 1986 S)SCSCS~SCSCSSSCSSSSTC*SYC#dO. 2810.79 


"12321 [VOID DC(LC)| 65-8-148-11-V] | ___] 20-Aug-91] 1 | 1986.) SSS CY Cf. I 

Voi OCLO)|658-148-12V] | |20Augoi] 1] SO CSCS «0.30 
' 65-8-148-5-V | 16-May-05] _1- | 19-Aug-61] 1 | 1986 SSCSOSSSTTC~*dSC«*dO23Y TTI 
VOIDDCLC)| esi4e4v] | id SMar1[ 0] 194 SCS—SSSSOSCSC*dOY® 
12391 [VOID OCLO)| 65-8-148.5-V |__| | so-Jukot | 4- | 1086S C2 TO I 
712391 [VOID OC(LC)| 65-8-148-6.V |__|] 18vur92 | 0 | 1804 (NNS) | assume ok@7OCON | e130) | 
VOID DC(LC)| 65-8-182-10V] | [avungrf | O—OOC—CCCC;S ST ~C*dOVSOW 
VOID DC(LC)| 65-8-152-15V] | /1e-Augoi] 1 | 4986 COS «*O 28], [OT 
VOID DC(LC)| 65-8-152-16V| | _|tavuns2) 1 | Sid SOS CdS 
VOIDDC(LC)| 658152 7-V [| ~«dag-Aug-ST| 1) ses OCS], FT 
VOIDDC(LC)| 658 1528V iL ng | OCS 
VOID OC(LC)| 65-8-152-9.V| |_| 4vuno1] 0 | tee) SSCSC~—CSSSSSSSTTTTC*SY (COV23} FOI 
VOID DC(LC)| 65-8-92-11-V | 7-Apr95| 1 | 10Jul-e2| 0 | 1962, 1994 (NNS) | SSCS —«*f 18), (0.1) 
VOID DC(LC)| 658-82-17V[ | | 10Jul-e2| 0 | 1904(NNS) | assumeok@7OCOH | eso] 
VOIDDC(LC)| 65-6-92-9-V |__| | 10Juo2| 0 | 1994 (NNS) | assume ok@79COH | __ [21,30] 
VOID OC(LC)| 658-97-13V] | |13AugSi] 4- | 195. | —SS—S~SSC«dO2] FUT 
73| 12321 VOID DC(LC)|_65-6-97-5V |_| [13-Aug-61] 1 | 1s85—SOS«YYCSCSSSSCSCSCSCSCSCSSC*r‘ 28) OL 
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APPENDIX A.9. CVN-65 DRY VOID & COFFERDAM HISTORY FILE 


| 4 |SWLIN|SERV| _TANK ___| INS Date [COND] INS Date [COND[ PAINTED —[—SCCOMMENTS ~—C,;sSINTERVALS | 
| 2 | 12321| CD | 65-8-102-1-v| | Oct-91 | OT 

SS nee EE 7 
| 4 [12327 | Cb | 658-106-2V[  2eocto1] 0 [tea CC—C‘“‘“CS*S*C*C™C™C™CCCC 0,30) 
|S | 12321] CD /65-8-106-3-Vj | 10-Oct-91] Of 1982 MachineryBox =f, 18).{0,10) | 
(6 [12321 | cp | 65-8-t06-6-v [Tf 13-Oct91 {0 [1985 1994 [Machinery Box ———*d|-—=*(0,24), (0.6) 
7 112321 | CD [658-111-1-V] 10-Oct-91] 0 | 1982 Machinery Box —Ss:—«*f0, 18), 0,10] 
Pe [12321 | cp [ese1i-2v{ Tf at-Octot[ 0 [CCSC‘*ESC“‘™SNS.CMachinecry Box —SS*dY~SC=*,30) 
| 9 | 12321| CO |658-1130-V{ | 27-Oct-91] Oo [1994 0.80 
140] 12321 | CD {65-8-115SV}o | | 994 MachineryBox (0,30 
44 | 12321] CO 1 658-1158V} | Oct-91 | of 1994 MachineryBox | (0,30) 
112] 12321 | CD | 65-8-120-4-V{ | 994 Machinery Box 10,30) 
| 43] 12321} CD | 65-8120-4vV] | 7-Oct-91 | 0 [i994 MachineryBox S| SQ) 
44112321} CD {658-1251-V] tT t904 Machinery Box | S03} 
HE SSL eB Teepe ey to a __f Machinery Box 10.30) | 


[ae rzs2t | co [eserae-ev fT Y 
Oe Sse 
Pence cee ane 
a 


10,30) 
20 [12321 | cD | 658-1342-v]_ it -__|__1994__ | _- Machinery Box ——*Y) 0,30) 
0 
rz2{ 12321 | CD | 65-8-138-7-v| | | 4Sep-@1| 0 | 1904 | Machinery Box SSCS 
ras 12331 | CD] 656-138-8V) | | ‘|_| 1994 | Machinery Box | 0.30) 
op eS ed 
[25] 17321 | cD [6581433v[ | | S0et01]| 0 | ~~ | Machinery Box | (0.30) 
3 ee a 
P27 [17321 | CD | 65-8-148-2-V} SS [__—" Machinery Box SSS 
re — 
[as zez1| Co pse626¥| roca [of a5 Wahine Bec 
[30] 42321] cD |6se1s73v[ | |_| | 1994 | Machinery Box 10.30) 
[34] 12321 | CD | 658-1576-V| | | &Oct01| 0 | 1904 | Machinery Box ——*dt—~—~f0.30) 
32] 12321] cD | 658-1623] || 42-Jun-63| | 1994. | Machinery Box] (0,30) 
pss lazer ep feseaszev Teo] | o | sega Machinery Bax seh 
P34 [19321 CD | 65-8-167-0-V| | itMay63] [SOC CS SS 
eee ee a 
fas [zea | co [essary [TP eonet [ap Wachinery Box 0.30 
a7 [17321] cD | e5802-8v | || | | 1984_|___ Machinery Box | 0,30) 
Se ene en | a a eS 
[39] 19321] cD | 65607-3v | [| S0etoi | 0 | 1994___| Machinery Box | 0,30) 
[40] 12321| v_lese7201rG| | | —~+|~+| 1994. ~=~&Y~SSC*C~*~C*«‘ AGS SSSSC*YCSCSC*O SY 
44] 12321 | Vv] 656-730) | | | —*+Y|—S«dYCS~w99e iY SSSCSCSCSCt AVG AS SY 
[a2|17321| v_| 65-8-740-) |_| | |_| 1994 | eldAVGAS | 0,30) __ 
[43 | 12321 | VOID | 65-4-102-1-V| | _|1sAug01| 0 | 3-Sep-91 (SF) | bottom totally gone) | (0.30) 
(a4 | 12321 | VOID | 65-4-102-2-V | SMay-05 [1-77] 2aprsi| Oo | TT 
[a5 | 12321 | voID| 65-4.1023V| | —s«d(aereb-OT] 1) Sid SCS] 10,30) 
ras | 12321 | VOID | 65-4.102-4.V| | _[22-Feb-g1] 1 | 1004S SSS Ci.) 
[47 | 12321 | VOID | 65-4-102-5-V | 6-Jun-95 | 1 | Svuls2 | 0 | 1994 | wrong pamt | f0.30)_ 
[48] 12321 | VOID | 65-4-102-6-V | 27-Apr-05| 1 _|21-Feb-97| 1- | 1994___| wrong paint | 0.30) 
[49}[ 17321 | vob |65-4-108-10.V| 17-Apr-95 | 1-|14-Aua-91[ 0 [reg J wrong paint T1030) 


150} 12321 | VOID | 65-4-106-S-V ] | 28-May-92] 1 PO 0,30) 


154] 12321 | VOID | 65-4-106-6-V | | 28-May-92] 4 P0380) 
| $2] 12321 | VOID | 65-4-106-7-V | | tS Aug-91] 0 | 7-Oct-91 (SF) | 0,30] 
| 53 | 12321 | VOID | 65-4-106-8-V |147-May-95| 1. | 15-Oct-91] 0 | 1994 | rong paint, 0,30] 
| $4 | 12321 | VOID | 65-4-106-9-V | 10-May-95] 1- [15-Aug-91] 1- [| 1994 | rong paint, | 0.30) 
Pommmigse im sVOID)) 6o-ano7-2-V 

ro | 


BE 12321 | VOID | 65-4-107-SV ff 

157 [12321 | VOID{ 65-4-114-1-V [28-May-92] 1 Fo 0,30) 
rsa 42351 [VOID eat av | SwaySe [i pewaveat 37) 
|§9[ 12321 [voip [65-4-111-3V[ Tf aSAug-91f 1 PS f0,30)+ 
[60 [12321 | voiD | 65-4-111-4V [TT 28-May-92) 4D f0,30) 4 
(64 | 12321 | VOID | 65-4-111-5-V [ 9-May-95 [1 [13-Aug-91] 1 | 7/22/1901 (SF) | wrongpaint | 0.380] 
[ea 1282 | voIb | 65-4-111-6-V | 7-Apres[ 1 [rSAuget] 4 [got [wrong paint fos) 
}63 | 12321 [voiD|[ 65-4-115-1-v [Te Feb-o1f 4. [i904 0,30] 
(64 12321 [voip |65-411510-v[ TS Sepsi fa P0308) 
[65 | 12321 | VOID [65-4115-12-v[ TS Sep-or [a P03 0) 
Lal a a cc EN Ee : 
[67 | 12321 | voi | 65-4-1155v [Tf tsoct-9tf oo ff, 380] 
rea|-42301 [voi esaitisev | 1 ——oeaner] 1] 0 
169 [12321 | VoID[ 65-4-120-1-v [|| BeuhO2 | 1 | 0,30) 

70 | 12321 | VOID | 65-4-120-3-v | | | BuO? | 0,30)+ 

(74 [12321 | VOID | 65-4.120-4V] | 1-Feb-91 | 1 | chokes 

| 72 | 12321 | VOID | 65-4-120-5-V |18-May-95] 1 |28-May-92] | 1982, 1991 (S 0,18},[0,10 
(73 { 12321 | VoID| 65-4-120-6-V[ | 30-Jan-91] 1 | 0,30)* 


APPENDIX A.9. CVN-65 DRY VOID & COFFERDAM HISTORY FILE 


a eT Ee er a a 
[74 [SWLIN| SERV| TANK | TNS Date [COND TNS Date |COND| PAINTED COMMENTS INTERVALS 
65-4120-E-V |1eMay-95| 1 | 14-Aug-91] 1 | 1991 (SF) | wong paint | (0.30) 


id RES T SS KP  e 
77} 12321 | VOID | 65-4-125-2-V |__| [Stvan-9t] 1 | OOS CS 
"12321 | VOID | 65-41253-V| | | 20-Aug-91] 0 | 70917) SSCS CO 37 
47321 | voIb | 65-4-125-4V| | | 2wutot | 1 ——S—SSSsid SSCS. 0.309 
1za21 | VOID | 654-125-Sv [| re-aug ot] 0 [961 (SF) | rogaine Fo 30) 
rizsat | von | es-e2eev [1enerss | 1 reevvet | 1 [reer (sey weng paint 
2321 | voip [e5-4-129-10-V) 
et Oo Se a 
CA a a | 
[a5 | 12321 | VOID| 65-4-129-5.V| | _[26May-92)4_[SdY—SCSSSSCCCOCOCOCSYCC SO 
pes [12321 | voID | es. rae | [| rayon | [oe 
a7 | 12321 | VOID | 65-4-129-7-V | 17-Apros| 1 [15-Aug-01] 0 |S SOC CSCSCSCS 0.37] 
rag 233i | voip seizes Tot-apres| 1] scaprat [11 Teen SE rong paint fos 
fag] 12321 vol es4tsetv| | iiia4rebot] 0 | OCC C‘d: #COSO) 
90] 12327 | VOID | 65-4-1343-V] | [14-Aug-81] 0 | oSepSi(SF) | —SSCSCSSSSC“‘Y+Y{O,30) 
P91] 12321 | VOID 65-4 1344V] iti are] 1 | CCOCCOCSOCC‘“(;STC*CON OV 
pez | wasar [void fesatsesvf Lf eueea [of age foo 
93 [12321 | VOID | 65-4-1346-V] | | 9-Apr91] 1 | 1982. —~«4[ SSCS 0.127} 
[se [2321 | vow | 6S--19¢ey [sey EE — SSS SS 
[95 | 12321 | VOID [65-4-138-11-V] 17-Apr95| 1 | 15-Aug-91] 0 | e/25ni901 (SF) | __weongpamt ~*~ ~——~fo.s]__ 
rag [i221 voID | esetseav] | [2eMaya2) teat 030 
97 | 12321 | VOID | 65-4 138-4V| |_| 1SFeb-91] 1. | 1901+) SSS SY 0.37] 1 
[98 | 12321 | VOID | 65-4.136-6.V | 26-Apr-95] 1 |15-Feb-91| 1- | 1001(SF) | __weongpamt—+(| 0.30) __| 
f99f 12321 | voID[ 65-4 136-7-V| | tS Aug] 1 | CT OO—SCCCCSC*‘“‘C*S:«C#«*(O,*SOY + 
400] 12321 | VOID | 65-4.138-0.V |__| |1sAug-9t} 4 | SSS SSC 03) J 
44] 12321 | voID| 65-4-143-1-V| | [1S-Aug-9a] 4] Sid SSS C—O) J 
402] 12321 | VOID | 65-4.1433V |__| [1sAug-01/ 1 | auuket «| SSSSCSCSCSSCS.C“‘(Y;Cé«(OWSO 
03} 12321 [VOID 65-4143-4V| | _((t4Febor] 1 | SSS SSCS 03) I 
404] 12321 | VOID] 65-4-1436-V| | __|14Feb-91| 1 | 198270081] SCS _Y. (0; 13] 0,0] I 
[405] 12321 | VOID | 65-4-143-6-V | 2-May-05| 1 [15Feb-1| 1- | 1901(SF)__| _wrongpamt—=s«d|~=«*sf.s) 
os] 12321 | VOID o54148-1-V[ | «dA Aug- 91] 1 | aed SSSCS—S—SSCSSCSCSC +f. 
407] 12321 | VOID | 65-4148-2-V| | | SFeb-o1] 0 | 1903. <4] ——SCSSSSCCSCSY «7,30 
408] 12321 | VOID| 65-4-148.3-V|___| [19-Aug-91] 1] 1900 «| SSCS —=«*. 30] J 
409] 12321 | VOID | 65-4148-4V[ |__| sJun-o1] 1 | 1907 =< SSS] __f0, 30) 
440] 12321 | VOID | 65-4-148-5-V | 19-Apr-95] | 19-Aug-97| 1 | 1982, 1997 (SF)_|__ wrong pant | 0,18]{0,10]_ 
ra44] 12321 | VOID | 65-4-148-6.V | 18-Apr-05] [20-Aug-01] 0 | 1901(SF) | _weong paint | _(0.30)_1 
aaa] 12321 [voID| 654 152-1-V] sd] SiS Au OT] | OCSOOC—OCOCC“‘(CSNCCNC“#*' «#4. 3O} | 
443] 12321 | VOID [65-4-152-10-V]| | | Sreb91| 47] ——*+Y—SSS—S———CCTTTCTTTTTTTTTCS 0.30) 
[444] 12321 | VOID [65-4-152-12-V] 19-Apro5| 1 | S-Feb-01| 1-_| _1901(SF) | _wrongpamt ~*~ fo.s0]__1 
445] 12321 | VOID] 65-4 152-3v] «| —s(iS-AugOt] 1 | OTT SC“*~S*~S~s~—C—SCSCSSC‘CSCS~S~S~dSC~‘*CSY +d 
rae] 12321 | VOID | 65-4-152-5-V | 10Apres| 4 | | | 4001 (SF) | wrong pant ——=sd|.~——~«*f,30)] 
a7] 12321 | vob] 65-4-152-8V| ——s| sdf eAprTE 7 | CSCO ____C“‘( 0,30) 
rig] 12321 | VOID | 65-4-157-1-V| | ]20-Feb-o1; 1 | toa «| SSS C..C“‘(;SCTS*«O.SO] | 
CS SS 
420} 12321 | VOID | 65-4-157-4-V |17-May-95|_1- | ereboi] 1 | sd SSCS. CCSCS~*SYSCC«* 34) 
424] 12321 | VOID | 65-4-157-5-V |5May95|_1 |_| 1] 1901(6F) | ~~ wrongpamt—SCS~d'~C*é‘iBY_ 
422} 12321 | VOID 6s-4-157-6V[ | |ereboi] 1] Sid SSSOSSSCS—SSS—SSS.C‘“‘;<‘Y: ~~«*‘; 30} J 
[423] 12321 | VOID | 65-4-157-8-V | 20-Apr-65| 1 | BJulo2 | 0 | 1901(SF) | wrong paint | __{0.30]__| 
fa2a] 12321 VOID | 65-41622V| | | Mayet] o-| SS] COC™—~—OCCSC*C‘“‘d~+C;'{OW_+Y 
'425| 12321 | VOID | 65-4-162-3V |_| _jaareb-oi] 1. | Sd SSCS 030) I 
ze est von Pose teey | as a 
128 
429 


bps | San | 
®/ 00 


27| 12321 | VOID | 65-4-162-S-V JV] tFeb-Ot} te pe 
| 12321 | VOID | 65-4-162-6-V | 12-Jun-95} 1 | SJuk92 | 0 | 1994 | 0,30) 
| 12321 | VOID | 65-4-162-7-v | | AS Feb-St] 1. Pe 
430] 12321 | VOID | 65-4-167-4-V | | Reb OT] OP Eee 
Se Ob. BES ee BE 
432] 12321 | VOID | 65-4-167-6-V | 3-May-95 | 1- {20-Aug-91|_ 1 [ 1991 (SF) 
Rasa vo Leseteety [eset 
AB 1827 VOID | OE EIST EY | 18-Apr8 1 _{ SrebSt_O | _ #907 (SF)__/_wrong paynt_}_{0.291 
135] 12321 | VOID | 65-4-171-2-V{ TF 20-Aug-97[ 0 Tf, 
136} 12321 | VOID | 65-4-171-3-V{ | 20-Febot] 4 P0380) 
1437} 12321 | VOID | 65-4-171-4-V | 27-Apr-95 | 1- [20-Aug-91[ 4 [0,380 
[438] 12321 [VOID] 65-4-171-5-V] 0 t 16-Aug-9t] 4 ff) 
1439] 12321 | VOID | 65-4-171-6-v | 28-May-9274 T0350) 
140} 12321 | VOID | 65-4-176-2-V [TS Sep-91 ft 0,30) 
[444] 12321 | VOID | 65-4-176-3V| | | 5Sep91| 1 | «dO. 
442] 12321 | VOID | 65-4-176-4-V [TS Sepor tt P0300) 
ea a I 5 
SCE OSS a a i 
445} 12321 | VOID | 65-4-181-2-V | 14-Apr-95] 0 ff SSS — os 
aliaer vo rescisrov TT scene) 1 teat 
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APPENDIX A.9. CVN-65 DRY VOID & COFFERDAM HISTORY FILE 


ea eacmMeDiGro) Fro} cl. o1, | 1. —=~X~YC‘S 
W47/SWLIN|SERV| TANK __| INS Date [COND] INS Date [COND| PAINTED | COMMENTS | INTERVALS 
[4a] 12321 | VOID | 66-4-181-4.V | 4May-95| 1-_|17-Sepoi]| 1] 1991 | S—CSSC CYT SC*#/ 37] 
49] 12321 | voi [esa-1erev]  ———sd|_ _—=S=séd Sep] 0 | 23Sep0i__| -—~——SsSSSTC“‘#TN WA. 
eee Vie | | | CC CTC CO 
Pen mNOneseieul an] |S COTTON 
[152] 12321 | VOID | 65-4-186-4-V |10-May-95| 1 |15-Sepoi| 1 | 1991(SF) | wrong pant’ | 10.30) 
[153] 12321 | VOID | 65-4-186-5-v | 25-Apr9s| 1 [16-Sep-91] 1 | 1991(SF) | wrong paint] 10.30) 
isa] 12321 | Vol esaise7v| «| st sSepoi[ 0 | —S—SSSdS—SCSSSCCSTSC 100 
Peervooeecttivi a i | |. CSC~r™YSCOSCSCSCSCTC..C..CCTTT 
iMmectvoOleseievy | | = | |. SSCCSC~dYS SSCS... 
'is7[ 12321 | VOID | 65-4-191-3V] | _|t@Sepdi] 0 | —S~+Y—SCSSCC YT) 
asa 12321 | VOID | 65-4-191-4V] «| Sidi av-SepOt] 1 | SS SSCS. 1 0} J 
PueacmwonlcueVvia | | |_|. —S=«dYiCStCtCS™StCSCSCSCSC§C'|/()/™— OS 
Mae shots i= | || id CTC 
aa] 12321 | VOID | 65-4-195-3V] | __|ia-SepSi| 0 | ————S—S——<CS™~CSCSCCCT.CC“‘( YC TY 
'162| 12321 | VOID | 65-4-200-1-V | 13-Jun-95| 1 |16Sep9i|_0 | ~—S—S«<‘aCS;7;73 ETT t0 sor) 
163] 12321 | VOID | 65-4-200-2-V| «|i teSep91] 0 | —SidY SSCS C'S YF F030 
F164] 12321 | VOID | 65-4-220-1-V| | ‘ee May-92)_ 1 | ——SCCS—SCSSCT 193) 
Mesinizeen|ivoIDjeee20-2V) | | |_| +i| SCS; TTTTTTTCCdCC~Sd 
enicanMODeceetvViamee || CCdCSCOC~CSSOCFOOCOSY 
Mupzcmivoinlese2s2v(. | | || ~*+| ——™—COD 
ameanvoolccamtvy | joe | | | SCCCTCTTCCOCC..C“‘dL..CC‘(OT 
ige{ 12321 | VOID | 65-4-42-2V |__| ___|tasun02) 4.) Sd SSCSCSCSS.COSCSC*‘d' 7.3 
70] 12321 | VOID | 65-4-42-3-V_| 17-Apr9s| 1- |19-Aug91| 1 | 1901(SF) | _wrongpaimt——~—S~sd——~=«*.0) 
7a[ 12321 | VOID | es4a2-av [| «it tevukdt] 1 | COCdSCOCCSCCCS YC‘ IO 
a72| 12321 | VOID | 65-4-47-3-V_| 17-Apro5| 1 |1@Sep-91| 1 | 1991(SF) | —-wrongpaint. | 0,30) 
eeecuvoDpeciev |) ioe 1 [= rd CSCO 
zal 12321 | VOID | 65462-1-V |__| ___|teAug9t{_ 4 | Ss CTC _C*‘dSC~édO,3 0] 
175| 12321 | VOID | 65-4-62-2V_|24Apros| 1- |16Augo1] 1 | 1082+ —SOSOSSSCC~*~*di~SCOS* AY, 0, 13 J 
[76] 12321 | VOID | 65-4-52-3-V_| 17-Apr85|__1 | 1e-Aug91| 1 | 1901(SF) | _wrongpaint———~—=~=~—~—SSCSC*O SY] 
77] 12321 |VOID| 65-452-4V | |_| tesueoi] 1) CC™~—™—SO..C“‘(S”~CYC~é«*O;*SOV# 4 
a7el 12321 | VOID | 65-457-1-V| | _|16AugSt|_0 | SsdSSOSCSCSCSCS.CCCCC~*‘“‘d+fV 377 1] 
favo] 12321 | VOID | 65-457-2V |__| __|teAugo1| 1 | 1982,1901 | ~SSCSCSSCSCC~C*‘d#C«C; ta f0, 7] 
reo] 12321 | VOID | 65-457-3-V |19-May-05| 1 | 13-Aug-91] 0 | 1901(SF)_|__wrongpaint ~~ ~—fo,30)__— 
ei] 12321|voID| esas7-4v | | | tesueoi] 4 |] TCC~™S | J, 304 
rez 12321 [VOID | 65-4623V |__| _|t@Augsi]_o0 | Sd SSS. SCS 037] | 
ras 12321 | VOID | 65-4-62-5V |__|] 23suegi?_o | Sd SSCS COSSCSCSSSC“*‘dYC 1,30) 
real 12321 | VOID| 65-4-62-6V |__| | tv-gueot] 4 | Sd SCC i030 | 
es[ 12321 | voID| 65-462-0V |_| | tesueat] 1 | sid SSS 0,30) 
fae] 12321 | VOID | eSa67-2V [|_| _|fv-sukt) 1 | SSS (i080) 
a7] 12321 | VOID | 65-4e7-3V |__| ___|1@Aug-91|_1 | Sd SSCS O30) 
aaa 12321 | VOID | 65-4-67-4-V |__| ___| 12-Jun-62) 1) SiS SSCS C*déSCC*O, 30) 
eo| 12321 | VoID| esae7sv| | —ipaesurat| 0 | Sid SSS SSS ‘7.37 
490] 12321 | VOID| es4721V [| _diz-AugSif 1 [| SSS SSS O30} 
aaa] 12321 [VOID | 65-4-72-3V |__| |tz-Augot] 1 | Sd SSSS—S—S—SSCCSCSS—CS 030) | 
lse2| 12321 | VOID | 65-4-72-4V | |_| t2sun92]_1_| SSCS O30) 
rigs] 12321 [VOID | e5-4-726V |__| | 12-Jun-92) 1 | Sd SSS CSCS O30) 
fiaa] 12321 | VOID | 65-4-77-1-V |__| | t2-Aug9t)_1 [SSS SSS SCS 07.30) 
sas] 12321 | VOID | eSa77-3V |__| __|tz-Augst]_1 | dS 080 
Geeleesmlivon | csarr-tv | (| —ii2eJand] 0 | SCC] CCC CO] 
ri97| 12321 | VolD| 65-4-77-6V |__| _|i4Augot|_ 1] ——*+dY SSS. 107/30) 
free) 12321 | VOID | 65-4-822V [| [aeJangt[ 1 | SS SSCS 80) | 
lag9j 12321 [VOID | 6S4e24V] | _|2sJano1] 1 | —<| —SS—S—S——SCSCSCSSSCTTCSC*d 107,30) 
[200 12321 | VOID | 65-4825V | |__| izAug9t|_0 | SSCS «OT 
201] 12321 | VOID | e5-4s27-V |__| | tzAug9t]_ 4 | + —SsS— CSS 10.30 | 
202] 12321 | VOID | 65-4-87-1V |__| | tzAug91]_0 | sid SOS 1.307 
203[ 12321 | VOID | 65-4-87-2V |__| _|t#Augoa] 1 | +i SSS 10730) 
[20a] 12321 | VOID | 65-4-87-3V |__| | @FebSt| 1- | tesurSi | CSC] _ 10,30) 
[208] 12321 | VOID | 65-4-87-4V |__| [24-Jan-91] 1 | tevurdi_| —SSSSSSCSCSSSSCCCTC*dYSC—=i. 30) 
Pebizguobleseoy | fo) | CO) CTC 
207] 12321 | VOID | 65-4-92-11-V | 13-Jun95| 1 | Byuko2 | 0 | 1994 + SSSCSCSCSCSSSSS.CC~*dYCOC*~«*iOZO 
208[ 12321 | VOID| 65-4-02-2V |_| 20-Aug-97, 1 | sJunoi_| SCS SCSCSCSCSCSC~*d:~C~*d, 3] 
[208[ 12321 | VOID | 65-4-.92-4V |__| -‘|i#Augoi] o | SSS SSSSCSCSCSCSOCCSCSSCSCSCSCS «3 0] 
[210[ 12321 | VOID | 65-4-02-6V |] | | &ue2 | 0 | 1984 ~—SO]sSSSSSSSCSCSCSSSSSSSTCCCSCSCSCSCS «0,0 
211] 12321 | VOID | 65-402-7V |_| ___|teaugst]/ 1) Sd SSO 10.30 
212| 12321 | VOID | 65-4-92-9-V | 27-Apres| 1 | 43-Aug-91| 1 | e/feigo1 (NNS) | SSCS CC‘ ~~=«d.3 OF 
OTT i a a i = ee a 
STW era | UR a a TET a a Og (SEL 
215] 12821 | VOID | 5-4-97-4V | oMay 95 | 0 Joi-Febdi[ 1_| 1072 *4|s~C~=Cr ead Selected by SF] 10,101, 10,22 
216[ 12321 | VOID | 65-497-5V | | |1s-Augo1/ 1 | t9-und1 {CSCS SCT? 
217| 12321 | VOID | 65-4-97-6-V | 26-Apros| 1 | 15-oct91| 1- | 1991(SF) | wrongpaint S| ——=*(0,30) 
[218[ 12321 | VOID | 65-4-87-7-V | 9-May.95|_1 |13Aug91| 0 | 7/2711991(SF) | wrongpaint——*'|~—~(0,30)— 
219] 12321 | Volb | 6s-6-205-4V] | -jeeocegiy o | 1 C—O |. ~——_ 10.30) 
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APPENDIX A.9. CVN-65 DRY VOID & COFFERDAM HISTORY FILE 


| j*a | B | i ¢ | ob | Ef UF Ue 81 Le aaa eee eee 
220] SWLIN|SERV| __TANK __| INS Date |COND| INS Date [COND] PAINTED | COMMENTS | INTERVALS | 
[221 12321 | VOID | 65-5-205-6-V | | 23-Oct-97} 1- | 

Bia Woplsssoavl |_| rrr 
223] 12321 | VOID | 65-5-32-1-V | EEE eee eee eee 
224) 12321 | VOID| 65-5-32-2-v [ff OES eee 
225] 12821 | VOID | 68-6 es 
226] 12321 | VOID | 65-6-181-2-V | 12-Apr-95{ 9 | PO ee 


Za7| 2521 | VOID esetesaV TT sss 
228] 12321 | VOID | 65-6-186-3-V | | t7-OcteOtt 4 ff) 
229] 12321 | VOID | 65-6-186-4-V {| 2-OctO1] te P80) 
230] 12321 | VOID | 65-6-186-5-V{ | 24-Oct-91] 1. | 0,350) 
234 12321 | VOID | 65-6-191-2-V | | 28-May-92] 1 ff, 30) 
232] 12321 | VOID | 65-6-191-3-V | | 1G Sept] 4 P00) 


233] 12321 | VOID | 65.6-1955-V |__| 28-May-62) 1 | —SSidY SSCS 3) 
rasa] 12321 [voID | e5-6-195-6-V] 
faa5| 12521 | VOID | 65-6-105-0-V |_| 
I SS a 
[237] 12321 | VOID | 6&-7-2150-V| | | iwuno0] a | SSCS SSCS OC 
'z38] 12321 | VOID | 65-7-215-2-V| | __|iv-octo1] 1] —SdSSSC—CSSSSS (CS 0.30) 
[239] 12321 | VOID | 65-7-225-0-V | 19-May-95] 0] 17-Oct-91] 0 | 1907 | wrong paint | _ [0,30)_ 
gaol 12221 | volo | es. 7-225-4.V [ieay-2s| 1 [aoaei| 0 | aged wong paint 
[244] 12321 | VOID | @5-7-52-0- [fmt 14 

242 12921 | Vol |és-8-11S-18V] ran SL —< 


243] 12321 | VOID] 65-8130-vV | | | Bu? | OO Pn 
244] 12321 | VOID | 65-8-137-0-v | | DP 


245] 12321 | VOID | 65-8-137-2-V | 0 EE ae 
[246] 12321 | VOID [65-8-148-11- han 88 


[247] 12321 | VOID [e5-8-162-16-V| || —_ 
Seetizsst VOID] eS b17-0.0- [Shapes | 1 [io May o31_1 [ABs 1601 (SS) arog pe bad Shae 
249] 12321 | voID| 65-8-17-1-V | (| (19-May-02; 0 | ——=——SsSsd| —SC*~*é~‘C~*~Csé ad Shape —SSSSC*dYSCSC* YS 
[250] 12321 | VOID] 65-8-17-2-V |_| 19-May-62] 1 | iFeb92_ | SSCS | 0.30) 


[254] 12321 | VOID | 65-8-189-1-V | | 1 2Sep-91} 1 | 80) 
[252] 12321 | VOID | 65-8-189-2-V] | 12 Sep91t 1 [0380+ 
[253] 12321 | VOID | 65-8-195-1-V | | 19-Juk92 | 0 | 1994(NNS) P0350) 
254] 12321 | VOID | 65-8-195-2-V | | 4-Sep-91] OP 0,30) 
[255] 12321 | VOID | 65-8-195-3-V [| un-92 0,30) 
256] 12321 | VOID | 65-8-195-4-V | | G-Juko2 | Of 1994(NNS) T0380] 
257| 12321 [ VOID 65-8-195-SV [| t2edun-92] ff t994 F030) 
258] 12321 | VOID | 65-8-195-6-V {| Jun-92f T1994 0,30) 
259{ 12321 | VOID | 65-8-195-7-V | Tf 12-Sep Ott 4. | ievan-79 TB] 
260] 12321 | VOID | 65-8-195-8-V | | 28-May-92] | tedan-79 ff 18) 

261] 12321 | VOID | 65-8-200-4-V | | 12-Jun-92] 1994 Po 
262] 12321 | VOID | 65-8-200-2-v | | 12-Jun-92] 1994 Pe | 
263] 12321 | VOID | 65-8-205-1-V | | Jun-92] 4 0,30) 
264] 12321 [ VOID [65-8-205-10-Vj_ Sept Tt P0380) 
265] 12321 | VOID [65-8-205-12-V{_ | 28-May-92) 9 Tf) * 
[266| 12321 | VOID /65-8-205-14V| | _[23octoif0 | Ss COC «377 
267} 12821 | VOID | BoB 20e-2VT _|__1 S-Sep-o | 9 ft 
268] 12321 | VOID] 65-8-205-3-V | | [17-Sep-91] 4 [SO 
269] 12321 | VOID | 65-8-205-4-V | ot Sept] tf SS 
[270] 12321 | VOID | 65-8-2055.V| |_| 19-vurs2|_0 | 4084] COCO _CiY—SCédO, 3 


65-8-205-6-V ] 12-Jun-92] 4 | 
65-8-205-7-V| | 12-Jun-92] 17 | 


Fie Per eS a ee rr a 
274] 12321 [ VOID! 65-8-210-2-V| | t-Sep-91f 1 [ti“‘“‘iT 0,30) 
eeiaa ORL Sessiv eee or 

276] 12321 | VOIO| 65-8-215-2-V| | dM Sep-91f 1 [CT CC 0,30) 
277] 12321 | VOIO| 65-8-215-3V] Td un-9270 7 [ti (C‘iE:C“(‘(;;RSC‘(‘#’STNSNC(RN(NNNNNNNNNNNNNNNNNNNN I] f0,30)* | 
278] 12321 | VOID| 65-8-215-4V | | 13 Sep-91f 1 | i —“‘“‘C;S™S™S™S*S™S™S*S*SC™*~*~*~™~™C™C~*C™C*rSC C30) 
279] 12321 | volO| 65-8-215-6-v{ | 14-Sep-9171 [ti“‘“RSSCOCOCOOUUUUUCCC“‘($NNCCf0,30)+ 
280] 12321 | VOID] 65-8-215-8-V{ | 1B Sep-91/ 0 fC CUC“‘CSNOCOCOCOC#C*C#C#*SCSti‘(®’TNCNNSNC#$$N’NNNNNNN SO} f0,,30} | 
1284] 12321 | VOIO| 65-8-22-2-v [| TT Ea 
282] 12321 | VOID | 65-8-225-1-V {| | 26-May-92] 7 | = ES CTC“‘(‘CSNCOCO*#*;C*#*#C*C*C*#C*CSCSC‘HCCf0, 30+ 
283 12321 | VOID | 65-8-225-10-V|23-May-95| 0 [14Sep-91/ 1 [ —S{ Crongppainté SO |} 
SRLS VOID See TEES Oe eee SF 
285] | already selected bySF 






efit 


286) 
RES eS 
288] 12321 | VOID | 65-8-225-6-V | 7-Jun-95 | 1 [12-Jun-92[ [1964 [wrong paint, cond 3 or 4 under deckplate|__[0.30)_ 
[a9] 12321 | VOID | 65-8-225-7-V | 7-Jun-95 | 1 | 19-Jul-92] 0 | 1994(NNS)__| _—nochangeincondin3yrs_ | ——*(0,30) 
290] 12321 | VOID | 65-8-225-8-V | 7-Jun-95 | 1 | 19-Jul-92] 0 [| 1994(NNS) | no change in condin3yrs_ | [0,30] 


291] 12321 | VOID | 65-8-225-9-V | 8-Jun-95 | 1- [13-Sep-91] | 1994 (S [wrong paint ——*f0 30) 
[292] 12391 VOID | 65-8-235-1-V ]12-May-95{_ 0 | 12-Jun-92[ T1994 (SF) wrong paint T0300) 
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APPENDIX A.9. CVN-65 DRY VOID & COFFERDAM HISTORY FILE 











A a a ee ee ee 
ee RS Date CONG PAINTED COMMENTS INTERVALS! 
294] 12321 | VOID | 65-8-235-2-V | i2iay 95 BESO S053 etaaeenioos (eq eon os 
23s] toa7t [VOID 6s 8-2353-v [12May-ss| 1s [1s-Sepei[—1 | tos (SF) | wrong paint no chase ncond mays 1 (030 
}296} 12321 | VOID | 65-8-235-4-V |12-May-95|_1-_|13-Sep-91| 1 {| 1994(SF) | wrong paint, nochange incondin4 yrs | [0,30] __| 
1297] 12321 | VOID | 65-6-2355-V] | Sep9if 12 | 0,30) 
298] 12321 | VOID | 65-8-235-6-V |12-May-95|_1-_|13-Sep91|_1 | 1994(SF)__|_ wrong paint, no change in cond in 4 yrs 

aan 2321) VOID | 65-6235 pen 12-Jun-92 (1 0,30) 
300] 12321 | VOID] 65-8-235-8-v | | 19-Jul-92] 0 |  1994(NNS) tf) 
301] 12321 | VOID | 65-8-245-1-V |10-May-95|_1_|13-Sep-91] 1- | 10/15/1991 (SF) _ wrong paint ee (020 S| 
302] 12321 | VOID | 65-8-245-2-V ] 10-May-95] __1 [13-Sep-91] 1- | 1991(SF)_ | wrongpaint 0,30) 
Soap 12821 OIG | Se ae Mav sel 91 tesenstt | __j__ateady seteciad by S¢__l__{0.321_| 
























Soe 42321. VOID 65-8-245-4-V_ 10-May-95 _. already selected by SF 
aint ae CE ae 
Boel i201 VOID ss 24= eV tava, 95] 1 [Tesepstl 11 iOaeer @F]_[-wenggan | 1030) — 






307] 12321 | VOID | 65-8-245-7-V | 10-May-95] _1-_ [12-Jun-92/ | 1994 (S | rongpaint | 0,30) 








308] 12321 | VOID aren '10-May-95| 1 |13-Sep-91] 1 | 1994 (S | rongpaint — (| 0] 
309] 12321 | VOID = 10-May-95] 1 [12-Jun-92| | 1994(SF)_ | rongpaint 0,30) 











[340] 12321 | VOID See 12-Jun-92 _—— a 


= aan NOID ——— 42-May-95. 


_. already selected by SF —,* 
1312] 12321 | VOID | 65-8-27-2-V 


Peet conse anos le 0.18] , {0,10)+ 
314] 12321 | voID| 65-8-62-10-V{ | 19-AuG 91] 1 | ian-90,—— | —“‘“C;C;*S*S*S*S*™*C*™C™C;C;C;™;C*drSC*C*‘é«OY32QY 
315] 12321 | voiID| 65-8-62-9-V [ =| sf 2o-vul-92f 1 { = | ——s—Csi‘C;C~CS~sS—SCSSCS f0,330)* 
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APPENDIX B.1. CV-67 SUMMARY INTERVAL CHARTS 


CV-67 JP-5 Tanks (66 tanks in group) 










1 
2 ee 
$ a Mook at end of interval 
4 
Interval a 
5 | 
6 | 
7 
8 a | [a aited within interval 
ell jr eG 20 25 
Age of Tank Coating (Years) 
CV-67 Damage and List Control Tanks (56 tanks in group) 
| 
oer aay Wook at end of interval 
Interval —_— | 





| 
fo) ee 3 | failed within interval 


0 5 10 15 20 25 
Age of Tank Coating (Years) 
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APPENDIX B.2. CVN-65 SUMMARY INTERVAL CHARTS 


CVN-65 Fuel Oil Tanks (45 tanks in group) 


ae iw 






2 

: Wok at end of interval 
Interval 

4 

M | =v vet 

A | | | | I failed within interval 

0 5 it i 7 ne hE] 
Age of Tank Coating (Years) 
CVN-65 JP-5 Tanks (172 tanks in group) 
HB ok at end of interval! 

interval 








§ failed within interval! 


! 
f 
‘ 
——" 
| 
! 





0 =) 10 15 20 


Age of Tank Coating (Years) 
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APPENDIX B.2. CVN-65 SUMMARY INTERVAL CHARTS 


CVN-65 Damage and List Control Voids (175 tanks in group) 


Wook at end of interval 


interval 


ss) failed within interval 





0 5 10 ‘i et ates 
Age of Tank Coating (Years) 


CVN-65 Dry Voids and Cofferdams (310 tanks in group) 





1 

2 

3 

: Wook at end of interval 
Interval 6 

A 

8 l | I | | 

9 P | { a. | { , 

40' | —— ——a 

14 _— — t———"} — [failed within interval 


ee ee ee, aS) ae OG ee SHEE 35 
Age of Tank Coating (Years) 


Ws 





| 
: 








APPENDIX C.1. TWO PARAMETER WEIBULL DISTRIBUTION PROPERTIES 


The Weibull probability density function (pdf) is: 


f(t) = Ak(Ant 17 AO" 7 On 


where A is the scale parameter, and « is the shape parameter. Both A and x are positive. 


The Weibull distribution parameters are frequently expressed with the inverse of the scale 


parameter, Fi =a. ais called the “characteristic life”, and is approximately the 63.2th 


percentile (Nelson, 1982). For the special case k = 1, the Weibull reduces to the simple 
exponential. For shape parameters 3<« <4, the Weibull’s shape resembles the normal 
distribution. 


The Weibull cumulative distribution function (cdf) is: 
F(t) See CO re 
The conjugate cdf is also the survivor function S(t). Thus the reliability at time ¢ can be 
expressed as: 
S(t) = eV ry" pee 0) 


The Weibull hazard function (failure rate), instantaneous failure rate at any age f, 


_f® k-] 
h(t) = Oma ee 0. 


8] 


For values of « >1, the Weibull will have an increasing failure rate, and decreasing 
fork <1. 
The Weibull distribution has mean: 
E(T)=aT{1+(/xk)], 
and variance: 


Var(T) = a? {T[1+(2/K))- (1+ (1/«)]}"}, 


where I is the complete gamma function. 
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APPENDIX C.2. EXAMPLE MAPLE CODE FOR MLE (CVN-65 JP-5 GROUP) 


mete — (oma (4a) k) - (exp(-{(7*la) “k)))*10: 

> simplify (a) : 

> aa:=log("): 

> simplify (aa) : 

eeGitt(", la): 

> aaa:=simplify(") : 

> b:=(exp(-(5*la)“k) - (exp(- (10*la) “k)))%14: 
> simplify (b): 

eeob:=log(") : 

> simplify (bb) : 

peaitt(™, la): 

ee Obb:ssimplify("): 

pee oxp(-(10*la) kK) - (exp(-(13*la) “k)))°2: 
> simplify(c) : 

> cc:=log("): 

Scamp lity (cc) ; 

emeaditt(",la) : 

> ccc:=Simplify("): 

> d:=(exp(- (14*la)“k) - (exp(-(18*la) “k))) “34: 
> simplify (d): 

> dd:=log("): 

> simplify (dd) : 

> diff (",la): 

edad :=simplify(") : 

> e:=(exp(- (14*la)“k) - (exp(- (22*1la)“*k))) “6: 
> simplify (e): 

> ee:=log("): 

> simplify (ee) : 

emaitt (", la): 

> eee:=simplify("): 

> £:=(exp(-(19*la)“k) - (exp(- (24*la)“k)))“°16: 
> simplify (f): 

eet ia =iog('"): 

Secumplifty (£L)% 

searet (", la): 

> fff:=simplify(") : 

> g:=(exp(-(24*la)“k) - (exp(- (28*la)“k)))°*5: 
> simplify (g): 

Sag .—loq (") < 

> simplify (gg) : 

> agiff(",la): 

> ggg:=simplify(") : 

> h:=(exp(- (26*la)*k) - (exp(- (30*la)“k)))%*52: 
> simplify (h) : 

> hh:=log(") : 

> simplify (hh): 

Saati", vay 

> hhh:=simplify (") : 

> j:=(exp(- (30*la)*k) - (exp(- (34*1la)%k))) 74: 
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simplify (j): 

Jy csreaqet) : 

simplify (jj): 

Gi fit") ta): 

jJjj:=simplify (") : 

diff (aa,k): 

ppp:=simplify("): 

OtEE (bbe kk): 

qqq:=simplify("): 

Gift (Genk) 

rrr:=simplify(") : 

diff (dd,k): 

ssSs:=simplify("): 

diff (ee,k): 

CEC =simplity ( 

da ff (EP ce: 

uuu:=simplify (") : 

diti(gqgq 7k) 

vvv:=Simplify ("): 

dart (an jeje 

www:=simplify(") : 

aver (jae 

xxx:=Ssimplify ("): 

exp (- (6*1la).~ (7*k) ) *exp (- (10*1a) ~ (11*k) ) *exp(- (13*la) “ (4*K) exe 
30*la) ~ (50*k) ) *exp (- (34*1la) * (4*k)): 

Log (')e: 

Inrtcensored:=simplify(") : 

lIncensordla:=diff(",1la) : 
partiallnLdla:=lncensordla+aaa+bbb+ccc+ddd+eee+fffFf+ggg+hhh+jj jj: 
diff (lnrtcensored,k): 

Incensordk:=simplify(") : 

partiallnLdk: =lncensordk+ppp+qqq+trrr+sss+ttt+uuu+VVV+WWW+ XXX: 
partiallnLdk:=simplify (") 

partial21lnLdla2:=diff (partiallnLdla, 1a) : 

partial21nLdk2:=diff (partiallnLdk,k) : 
mixedpartiallnLdlak:=diff (partiallnLdk,1la): 

InL:=lnrtcensored+ aa + bb + cc + dd + ee + ff + gg + hh + jj: 
subs (la=0.0334,k=2.360,partiallnLdla) : 
firstpartialla:=evalf(") ; 

subs (la=0.0334,k=2.360,partiallnLdk) : 

firstpartialk:=evalf(") ; 

subs (la=0.0334,k=2.360,partial21nLdla2) : 
secondpartialla:=evalf("); 

subs (la=0.0334,k=2.360, partial21nLdk2) : 
secondpartialk:=evalf("); 

subs (la=0.0334,k=2.360,mixedpartiallnLdlak) : 

mixedpartial :=evalf(") ; 

solve ({- (secondpartialla) *al - (mixedpartial)*bl= firstpartialla, - 
(mixedpartial) *al- (secondpartialk) *bl=firstpartialk}, {al,b1}); 
> subs (la=0.0334,k=2.360,1nL): 
> evalf("); 


VV VV OV 
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APPENDIX C.3. CV-67 GROUP MAXIMUM LIKELIHOOD PLOTS 
CV-67 Fuel Oil Tanks 


CV-67 JP-5 Tanks 
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CV-67 Damage and List Control Voids 
Log Likelihood is plotted against the two Weibull parameters (A, «) 
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APPENDIX C.3. CVN-65 GROUP MAXIMUM LIKELIHOOD PLOTS 


CVN-65 JP-5 Tanks CVN-65 Fuel Oil Tanks 
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APPENDIX C.4. EXAMPLE MAPLE CODE FOR OBTAINING JOINT 
CONFIDENCE REGIONS (CVN-65 JP-5 GROUP) 


f£inst:=array(1..2,1..1) : 

first [1,1] :=0.0334-b1: 

first [2,1] :=2.36-b2: 

second:=array(1..2,1..2): 

second[1,1] :=1.64*10°7: 

second [1,2] :=31.683: 

second [2,1] :=31.683: 

second [2,2] :=199.64: 

with (linalg) : 

multiply (transpose (first) ,second) : 

multiply (",first) : 

>f := (547834 .7719-16400.00*b1-31.683*b2) * (.334e-1-b1)+(472.2086 - 
31.683*b1-199 .64*b2) *(2.36-b2): 

ff£:=expand(f) : 

subs (b2=2.360,f£): 

solve ("=7.588,b1) : 

subs (b1=0.0334,ff) : 

solve ("=7.588,b2): 

with (plots): 

iniplaGiepueia(ti=—7 seen =0.032 @0035,b2=2.1..2.6) ; 


VVVVVVVVV VV 


VVVVV eV 
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dX 


Circular joint confidence region illustrates approximately no correlation between parameters. 
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APPENDIX C.4. EXAMPLE MAPLE CODE FOR OBTAINING JOINT 
CONFIDENCE REGIONS (CV-67 JP-5 GROUP) 


first:=array(1i..2,12.1). 

first[1,1] :=0.0465-bl1: 

first [2,1] :=1.70-b2: 

second: =array (ll... 2,12) 

second [1,1] :=2.529*10°5: 

second [1,2] :=1201.12: 

second [2,1] :=1201.12: 

second [2,2] :=36.121: 

with (linalg) : 

multiply (transpose (first) , second) : 

multiply ("7fixst): 

>£:=(13801.75400-252900.000*b1-1201.12*b2) * (.465e-1-b1) 
+(117.257780-1201.12*b1-36.121*b2) * (1.70-b2) : 

ff :=expand(f) : 

subs (b2=1.70,ff): 

solve ("=7.80,bl1): 

subs (b1=0.0465,ff) : 

solve ("=7.80,b2) : 

with (plots) : 

implicitplot (££=7 .807b1=070400220" 053 0fb2=17 ieee 


VV VV VV VV OV OVO 


VV VV VV 
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dX 


Elliptical joint confidence region illustrating a higher degree of correlation in the variance of the 
parameters than in the previous circular plot for CVN-65 JP-S tank group. 
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Reliability 
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APPENDIX D. SURVIVAL FUNCTIONS (FUEL OIL GROUPS) 


A A 
CVN - 65 Fuel Oil Tanks: A = 0.0317,« = 2.40, Mean Life = 27.96 years 
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Two parameter Weibull plots 
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Reliability 


Reliability 


APPENDIX D. SURVIVAL FUNCTIONS (JP-5 GROUPS) 


N AN 


CVN - 65 JP-5 Tanks: 4 = 0.0334, « = 2.36, Mean Life = 26.53 years 
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CV -67 JP -5 Tanks: A = 0.0465,« = 1.70, Mean Life = 19.19 years 
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95 % Confidence Intervals: [1.24 SKS 2.16} 


Two parameter Weibull plots: 
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95% Confidence Intervals : 
Two parameter Weibull plots 


Reliability 
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APPENDIX D. SURVIVAL FUNCTIONS (DC & LC VOID GROUPS) 


N N 
CVN - 65 Damage and List Control Voids: 24 = 0.0342, k = 1.48, Mean Life = 26.44 years 
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APPENDIX D. SURVIVAL FUNCTIONS (DRY VOID GROUPS) 


A A 
CVN - 65 Dry Voids and Cofferdams: 4 = 0.0333, x = 4.66, Mean Life = 27.46 years 
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95% Confidence Intervals : [3.85 — 37 


Two parameter Weibull plots 
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